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MEMORANDUM

FOR THE MEMBERS OF THE TECHNICAL REVIEW COMMITTEE (TRC) FOR THE INSTALLATION
RESTORATION PROGRAM AT NAVAL WEAPONS INDUSTRIAL RESERVE PLANT (NWIRP)
BETHPAGE, NEW YORK

Enclosed is the Navy's Workplan to Conduct Free Product Recovery Tests at a
former Underground Storage Tank (UST) site known as AOC 22 located at NWIRP
Bethpage, New York. Implementation of this workplan is scheduled to begin
on or near May 24, 1999. Any comments pertinent to this workplan should be
submitted prior to that date for incorporation. In addition, the Navy will
also incorporate comments or concerns generated at the upcoming May 29, 1999
meeting at the EPA Region II offices in Manhattan, New York.

AOC 22 was discovered during a Phase 1 and 2 Site Assessment process
conducted by the Northrop Grumman Corporation as part of their effort to
vacate the Navy’s property at Bethpage. The Navy is pursuing the additional
investigation and remediation, if required, at the request of Northrop
Grumman.

The additional work that is to be conducted by the Navy will include
additional environmental investigations to determine if a free product layer
is present and, if so, to offer remedial alternatives for its removal.

If you have any questions or would like additional information, please feel
free to call me at (610) 595-0567, extension 163. If you would like to fax
your comments, my fax numbs=v is (610) 595-0555.

Lo " >1v:
Sincerely,

Ce -l
S - JAMES 1. COLTER

) ‘ Remedial Project Manager
- By direction of the
Commanding Officer
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1.0 INTRODUCTION

This Monitoring Well Installation And Free Product Recovery Test Work Plan for Contract Task Order (CTO)
No. 0283 has been prepared by Tetra Tech NUS, Inc. (TtNUS) for the Northem Division (NORTHDIV) Naval
Facilities Engineering Command (NAVFAC) under the Comprehensive Long-Term Environmental Action - Navy
(CLEAN) Contract Number N62472-90-D-1298. The purpose of this plan is to describe field activities to be
performed as part of a Resource Conservation and Recovery Act Facility Investigation (RFl) of former
underground storage tanks located south of Plant No. 3 (AOC 22) at the Naval Weapons Industrial Reserve
Plant (NWIRP) Bethpage, New York, (See Figures 1-1 and 1-2). The scope of work is to install soil boring and
groundwater monitoring wells, collect soil and groundwater samples, determine if a floating free petroleum
product is present, and if free product is present, evaluate the effectiveness of recovering free product from this

area.

Environmental concerns for this area are based on a Northrop Grumman investigation of Plant No. 3
former underground storage tanks (USTs) conducted in 1997. This investigation found evidence of
petroleum in the soils from near the bottom of the former USTs to depths near the water table (UST Nos.
03-01-1, 2, and 3). Based on the detected concentrations and depth of petroleum hydrocarbons in soil,
groundwater contamination may be present. In addition, a free petroleum product may be present on the
water table. The UST's were reportedly removed sometime between 1980 — 1984.

1.1 - PRINCIPAL INVESTIGATORS AND RESPONSIBILITIES

TtNUS will be responsible for the management and conduct of the field investigation activities presented
in this work plan. The following key personnel will be involved with site characterization activities for this
CTO:

e Navy remedial project manager (RPM)

o NWIRP facilities rebresentative

o TtNUS project manager

» CLEAN program manager

e CLEAN program quality assurance (QA) manager

¢ CLEAN program health and safety (H&S) manager

e TtNUS project H&S officer

Bp9903wp, 04/20/99, CTO 0283
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The Navy RPM for CTO No. 0283 is Mr. Jim Colter, NORTHDIV AVFAC; he can be contacted at (610)
595 -0567. As RPM, Mr. Colter is responsible for the following:

. Provide logistical assistance

. Review results and recommendations and provide management and technical oversight

The NWIRP facility representative is Mr. Al Taormina, NWIRP; he can be contacted at (516)-345-0344.

As Facility Representative, Mr. Taormina is responsible for the following:

. Provide logistical assistance

. Review results and recommendations and provide technical oversight

The CLEAN program manager is John Trepanowski, of TtNUS; he can be contacted at (610) 491-9688.

As program manager, Mr. Trepanowski is responsible for the following:

. Ensure that contract requirements are met.

. Provide necessary resources to the project team to meet requirements of this Work Plan.
. Maintain consistency in procedures and work products with other CTOs.

. Establish and maintain communication among the Navy RPM, CLEAN program

contracting officer, CLEAN program QA manager, CLEAN program H&S manager, and
TtNUS project manager.

The CLEAN program QA manager is Paul Frank, of TtNUS; he can be contacted at (412)-921-8950. As

QA manager, Mr. Frank is responsible for the following:

. Review laboratory QA plans, work plans, audit reports, and site data.
. Identify nonconformance situations to management and provide guidance in the

correction of nonconformances.

. Ensure deliverables meet the requirements of the Navy QA/quality controi (QC) QA/QC
program. ’

. Make recommendations to the program manager and the PM regarding corrective action.

The CLEAN program H&S manager is Matt Soltis, of TtNUS; he can be contacted at (412) 921-8912. As

H&S manager, Mr. Soltis is responsible for the following:

Bp9903wp, 04/20/99, CTO 0283
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. Ensure that the site-specific health and safety plan (HASP) is in accordance with Federal

and state regulations and contract specifications.

. Provide technical safety and industrial hygiene oversight for all fieldwork performed under
the CLEAN contract.
. Provide clearance to the Navy for all personnel on the site in accordance with federal and

state regulations and contract specifications.

. Perform audits to evaluate program effectiveness.
. Provide assistance and guidance to the project H&S officer.
. Maintain communication with the program manager, PM, and the project H&S officer.

The project manager is David Brayack, of TtNUS; he can be contacted at (412) 921-8375 by telephone
and (412) 921-4040 by telecopy. As project manager, Mr. Brayack is responsible for the following:

. Complete the project in a timely manner and maintain the project's scope, budget, and
schedule.
. Coordinate and implement all tasks indicated in the approved site-specific work plan and

quality assurance project plan (QAPP).

. Supervise data collection, reporting, and document control process.

. Approve deliverables and associated documents before transmittal.

. implement programs and protocols related to the project.

. Establish and maintain communication among technical staff, Navy RPM, CLEAN

program manager, program QA coordinator, program H&S managers, and regulatory

agencies.

The project H&S officer is Michelie Gillie, of TtNUS; she can be contacted at (610) 491-9688. As project
H&S officer, Ms. Gillie is responsible for the following:

. Prepare the site specific HASP.
. Establish and maintain communication among the site safety officer (SSO), the PM, and
the CLEAN program H&S manager.

. Verify that site personnel adhere to the site safety requirements.

. Provide guidance about appropriate corrective action procedures to PM and support
personnel.

. Perform other responsibilities as specified in the site-specific HASP.

Subcontracts for the drilling and laboratory analytical services will be procured and awarded by CLEAN

program subcontracting officers before commencement of field activities.
Bp9S03wp, 04/20/99, CTO 0283
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2.0 BACKGROUND INFORMATION

21 PHYSICAL SETTING

2.1.1 Surface Features

The NWIRP Bethpage is located on Long Island, New York. It is located on a relatively flat, featureless,
glacial outwash plain. The site and nearby vicinity are highly urbanized. Because of this, most of the natural
physical features have been reshaped or destroyed. The topography of the activity is relatively flat with a
gentie slope toward the south. Elevations range from greater than 140 feet (above mean sea level, MSL) in

the north to less than 110 feet (above MSL) at the southwest corner.

The NWIRP is about 108 acres in size. The dominant features at the activity are Plant No. 3, (the
manufacturing plant) and three groundwater recharge basins. The recharge basins are each approximately
1.5 to 2.5 acres in area and about 30 feet deep.

14.2 Geology

The Upper Glacial Formation (commoniy referred to as glacial deposits) forms the surface deposits across
the entire NWIRP. The glacial deposits beneath the site consist of coarse sands and gravels. These
deposits are generally about 30 to 45 feet thick; local variations in thickness are common due to the irregular
and undulating contact of the glacial deposits with the underlying Magothy Formation. The contact between
the two formations was defined in the field as the horizon where gravel becomes very rare to absent, and
finer sands, silts, and clays predominate. The generally coarse nature of both formations near their contact,

however, may make this differentiation either difficult or rather subjective.

The results of the drilling program at location HN-24 (near AOC 22) and surrounding well locations appear to
confirm the regional observation that there is no singular, areally extensive clay units beneath the NWIRP.
Clay units encountered at any particular location do not persist along strike or in either direction of dip. The
stratigraphic section at and below subsurface depths of about 100 feet may be considered “clay-prone"
because the number of individual clay units significantly increases below this depth, but none of these clays
are laterally persistent.

Bp9903wp, 04/20/98, CTO 0283
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2.1.3 Hydrogeology

The Upper Glacial Formation and the Magothy Formation comprise the aquifer of concem at the NWIRP.
Regionally, these formations are generally considered to form a common, interconnected aquifer as the
coarse nature of each unit near their contact and the lack of any regionally confining clay unit allows for the

unrestricted flow of groundwater between the formations.

Although the water table beneath the NWIRP occurs below the glacial deposits, they are hydrogeologically
important because their high permeability allows for the rapid recharge of precipitation to the underlying
Magothy Formation. in addition, the large quantities of groundwater withdrawn daily from the Magothy
passes back through part of the glacial deposits via the recharge basins to the Magothy Formation.

The Magothy aquifer is the major source of public water in Nassau County. The most productive water-
bearing zones are the discontinuous lenses of sand and gravel that occur within the generally siltier matrix.

The major water-bearing zone is the basal gravel.

The Magothy aquifer is commonly regarded to function overall as an unconfined aquifer at shallow depths
and a confined aquifer at deeper depths. The drilling program on the NWIRP has revealed that clay zones
beneath the facility are common but laterally discontinuous. No confining clay units of facility-wide extent

were encountered.

The degree of confinement within the Magothy aquifer is reported to generally increase with depth due to the
cumulative effect of the silts and clays. The lack of a singular, continuous confining unit beneath the NWIRP
and the dependence of confinement on the occurrence of multiple fine-grained units should make the
relationship of confinement to depth laterally inconsistent due to the extreme lithologic heterogeneity of the
formation. The response of the Magothy aquifer to production well pumping suggests that groundwater

occurs under at least semi-confined conditions in deeper portions of the aquifer.

The groundwater flow dynamics beneath the NWIRP and Northrop Grumman are complex. A total of 16
deep production wells (7 on the NWIRP and 9 on Northrop Grumman property) are located on the facility.
Throughout the year, these wells are pumped in various combinations. Depending on facility demand, any
particular well may be turned on and off at frequent intervals, or may be turned on or off for extended periods.
The resultant cones of depression formed by the possible well-usage combinations make local variations in

the overall groundwater pattern difficult to predict.

Bp9903wp, 04/20/99, CTO 0283
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Recharge basins have the potential to greatly affect iocal water eievations and hence, iocal groundwater flow
patterns. The dominant direction of shallow groundwater flow beneath the NWIRP appears to be dominantiy

to the southwest and, to a lesser extent, to the south.

2.2 Site History

2.2.1 Previous Investigations

location (AOC 22). During this investigation soil borings were installed around and under the former.
tanks. Approximately 144 soil sampies were collected in 8 areas from depths of 8 to 65 feet below
ground surface. This range represents soils from the bottom of the former USTs to the approximate water
table. The samples were analyzed for petroleum-based volatile organic compounds (VOCs) and semi-
volatile organic compounds (SVOCs) in accordance with the NYSDEC STARS Memorandum No. 1 —
Petroleum-Contaminated Soil Guidance Policy (August 1992) and for total petroleum hydrocarbons.

VOCs were detected infrequently in the soil samples, and none of the detected results exceeded STARS
Memorandum Guidance Values (Table 2 of the guidance). SVOCs were detected more frequentiy and
approximately 23% of the soil samples had one or more STARS Memorandum SVOC parameters
(polynuclear aromatic hydrocarbons) at a concentration greater than the STARS Memorandum Guidance
Values. STARS Memorandum Guidance Value exceedances were noted in all of the soil boring locations
and for most sample depths from shaliow soils (8 feet below ground surface) to deeper soiis near the
water table. However, the maximum SVOC concentration detected that exceeded a STARS
Memorandum criteria was only 4.3 mg/kg, indicating that although petroleum hydrocarbons are wide

spread, concentrations are relatively low.

Total petroleum hydrocarboh testing was conducted to evaluate general fuel oil contamination. This
testing found petroleum in soils at concentrations up to 18,000 mg/kg and at depths near the water table,
(see Appendix B). The petroleum hydrocarbons were of the diesel range organics that are consistent with
No. 4 and No. 6 fuel oils reportedly used at this location.

Bp9803wp, 04/20/99, CTO 0283



3.0 FIELD SAMPLING PLAN

31 SAMPLING OBJECTIVES
The sampling objectives of this sampling program are as follows.

» Determine if a floating free product layer is present at AOC 22.

» Collect groundwater data from the area to determine if groundwater has been impacted.

e If free product is present, conduct recovery tests to characterize physical properties of free product
" and conduct chemical testing of free product for disposal purposes.

- Collect additional soil data to hnln "h="aw°"i’e the horizon

tal s
on the relatively large area (0.2 acres) and depth of petroleum contamination (65 feet) determined
during the Northrop Grumman investigation, excavation of petroleurn-contaminated soils is not

considered to be practicable.

3.2 FIELD INVESTIGATIVE TASK DESCRIPTIONS

Field activitizs are presented by task in the following paragraphs. Ali vield activities will be conducted in
accordance with procedures referenced in TtNUS Standard Operating Procedures (SOPs), and in
accordance with the health and safety procedures established in the site HASP.

3.2.1 Soil Boring and Permanent Groundwater Monitoring Wells

Soil boring and monitoring wells will be installed in areas where free petroleum product may be present.
Initially five soil borings will be installed as indicated on Figure 3-1. As the soil borings are being installed,

if evidence of free product is detected, @ine Yo three of the ‘soil ‘borings will be converted into perfnanent

smonitoring wells {5 tést for fré€ Broduict formation‘in the well: The permanent monitoring wells will be fiush

ateaf floating gree pmducté"‘ Two fo four of these soil borings may also be

converted into permanent monitoring wells to monitor free product formation. ‘A total of five smdhitoring
are-pldnned
observations of floating free product, soil staining at the water table, and PID/FID readings of split spoon
samples. '

- weils réd. The location of the additional soil borings will be dependent on field

Bp9903wp, 04/20/99, CTO 0283
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During installation of the soil borings, split spoon samples will be collected on 10-foot centers from 10 feet
below ground surface to a depth of approximately 5 feet above the water table. Nearby existing
groundwater monitoring wells can be used to estimate the depth to water table in this area for the first soil
boring. At ‘a depth of approximately 5 feet above the water table, split spoon samples will be collected
continuously to a depth of approximately 8 feet below the water table. Soil samples from 5 feet above the
water table to 8 feet below the water table will be evaluated in the field for evidence of free product. One
soil sample from each soil boring will be analyzed for TPH diesel range organics (DRO) and gasoline
range organics (GRO) by method number SW 846-8015B. In addition, soil samples from 3 of the 10 soil
borings will be analyzed for VOCs and SVOCs by EPA Methods 8260B and 8270. A summary of the
analytical plan is presented in Table 3-1. Samples for TPH and VOC/SVOC analysis will be biased

toward contamination under the following guidelines.

1. Oil stained soils near the water table.
2.  The sample interval near the water table with the highest PID/FID readings.
3. If oil stained soils or elevated PID/FID readings are not observed, then the sample interval at the

water table.
One round of groundwater samples will be collected for standard turnaround laboratory analysis from the

permanent groundwater monitoring wells a minimum of 2 weeks after well completion. Groundwater
sampies will be analyzed for TCL VOCs by method SW 846-8260B.

3.2.2. Aquifer Tests

Rising-head slug tests will be conducted for all newly installed permanent monitoring wells in order to

define aquifer characteristics such as hydraulic conductivity (K), transmissivity (T), and storativity (S).

3.2.3 Free Product Thickness Measurements

The thickness of the free petroleum product in each monitoring well will be measured with an interface
probe. Based on the field measurements, two wells will be selected for free product recovery testing. The
selection wili target the wells with the thickest layer of free product and most remote from each other.

These wells will also be used to collect free product samples.

In addition, free product measurements will be conducted three times over a 6-month period to determine

if there is seasonal variation in the free product thickness measurements.

Bp9%03wp. 05/28/99. CTO 0283
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TABLE 341

ANALYTICAL SUMMARY
FREE PRODUCT INVESTIGATION
NWIRP BETHPAGE, NEW YORK

MS/MSD:

Matrix Spike/Matrix Spike Duplicate (one per twenty per matrix)

+303wpt31, 04/20/99, CTO 0283

[ Media TPH - DRO TCLVOCs | TCL SVOCS PCBs/ RCRA Flash Chloride
& GRO pesticides Metals (8) point/BTU
Value
Soils 10 3 3 0 0 0 0
Groundwater 0 5 5 0 0 0 0
Free Product 0 2 2 2 2 2 2
| QA/QC Samples 0 T8, DU, T8, DU, 0 0 0 0
MS/MSD MS/MSD
TB: Trip Blank (one per day)
DU: Duplicate (one per ten per matrix)




3.2.4 Free Product Samples

Free product samples will be collected from two of the new wells. The samples will be collected during
the Free Product Recovery Tests. If necessary, water will be decanted from the free product prior to

sample collection. The free product samples will be analyzed for TCL VOCs by Method 8260, TCL
SVOCs by Method 8270, PCBs by Method 8082, Pesticides by Method 8081, RCRA Metals by Method
6010/7470, Flash point by Method 1010, BTU by ASTM D240, and Chioride by Method 325.2. If
necessary, samples from more than one free product recovery test at a given well will be used to generate
sufficient volume. However, both free product samples will be shipped to the laboratory at the same time.
If necessary, the samples will be held at the facility on ice until sample shipment. Samples will be shipped

to the laboratory for analysis via high hazard shipping containers.

3.2.5 Free Product Recovery Tests

Free product recovery tests will be conducted on two of the new groundwater monitoring wells. The free
product test consists of removing the free product and then monitoring the free product thickness over
time. A hand bailer will be used to remove free product from the monitoring wells. Idealiy, all free product
should be removed from the well prior to the start of the test. However, based on the free product
recovery rate and initial thickness of the free product layer, some free product may be present in the wells
at the start of the tests.

An interface probe is used to measure the free product thickness. Free product thickness measurements
are to be conducted over a 24 'to 48 hour period as indicated on the Free Product Recovery Test Field
Sheet located in Appendix A. Once the recovered product thickness reaches 50% or more of the original
thickness, the test should be repeated. If possible based on the time available, the test should be

repeated a third time.

The quantity of free product recovered is measured in a graduated cylinder. The results are to be
recorded. The volume of water collected should not be considered in the measurements. The free
product collected is to be used for analytical testing.

3.3 SAMPLE DESIGNATION SYSTEM

Each sample collected for analysis will be assigned a unique sample tracking number. This number will
consist of a two-segment alphanumeric code that identifies the sample type or QC sample designation,
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and the station or QC sample number. The alphanumeric coding system to be used is explained in the

following diagram and subsequent definitions.

TTNUS-22-AA-NN-NNNN

Sample Type/Station number
Character Type: A = Alpha N = Numeric

Site Designation:

TTNUS-22 = AOC 22 South of Plant 003
Sample Type:

MW = Monitoring Well

SB =  Soil Boring
QC Sample Designation:

TB = Trip Biank

DU = Duplicate

Station Sample Number:

All sample stations will be assigned a consecutive, two digit station humbers per sample type in
the order of installation. For example, a groundwater sample collected in the first monitoring well
installed would be assigned the tracking number TTNUS-22-MW-01. Monitoring weill and soil

boring numbers will be independent of each other.

All QC samples will be assigned a unique sample number.

For soils boring samples, the last four digits will be used to indicate top and bottom of sample
interval in feet below ground surface.

All pertinent information regarding sample identification will be recorded in the field logbooks and
on sample logsheets where appropriate.
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4.0 QUALITY ASSURANCE AND QUALITY CONTROL

The Quality Assurance Project Plan (QAPP) identifies specific parameters and procedures that are
applicable to the investigation:

. Project scope and complexity
) Project organization and responsibilities
. QA objectives for analytical data
3 Sampling methods
e Field decontamination procedures
. Custody protocol
. Analytical parameters and sample frequency
. Identification of analytical methods
. Calibration procedures
. Data reduction, validation, and reporting procedures
. Data assessment procedures
. Handling of investigation-derived waste
4.1 PROJECT SCOPE AND COMPLEXITY

This project will include the installation and sampling of test borings and the installation and sampling of

permanent monitoring wells to further define the nature and extent of petroleum contamination at the site.

4.2 PROJECT ORGANIZATION AND RESPONSIBILITIES

Overall project coordination personnel and responsibilities are as discussed in Section 1.3 of this work
plan.

4.3 QUALITY ASSURANCE OBJECTIVES

The QA objective is to ensure that the data generated as part of this investigation are of known and

acceptable quality and are suitable for the intended use. The data quality objectives (DQOs) are
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established by identifying the end use of the data and the degree of certainty necessary to satisfy that end
use. The data will be used to determine if free product on the water table is present, if groundwater
quality exceeds current NYSDEC guidance values, and to supplement the existing soil data base.

The overall quality assurance (QA) objective for this project is to develop and implement procedures for
field sampling, chain-of-custody, laboratory analysis, and reporting that will provide results that are legally
defensible in a court of law. Specific procedures for sampling, chain-of-custody, laboratory instrument
calibration, laboratory analysié, feporting of data, internal quality control, audits, preventive maintenance
of field and laboratory equipment, and corrective action are described in other sections of this QAPP. The
PARCC parameters (precision, accuracy, representativeness, comparability, and completeness) are
qualitative and/or quantitative statements regarding the quality characteristics of the data used to support
project objectives and, ultimately, environmental decisions. These parameters are discussed in the

remainder of this section.

431 Precision

Precision is a measure of the amount of variability and bias inherent in a data set. Precision describes

the reproducibility of measurements of the same parameter for samples under similar conditions.

4311 Field Precision Objectives

Field duplicate precision monitors the consistency with which environmental samples were obtained and
analyzed. Field duplicate results for solid matrix samples are considered to be precise if the relative
percent difference (RPD) is less than or equal to 50 percent. Field duplicate results for aqueous matrix '
samples are considered to be precise if the RPD is less than or equal to 30 percent. Field precision is
assessed through the coliection and measurement of field duplicates at a rate of 1 duplicate per 10

analytical samples.

43.1.2 Laboratory Precision Objectives

Laboratory precision guality control samples will be analyzed with a frequency of five percent (i.e., one
quality control sample per 20 environmental samples) for organic analyses. Laboratory precision is
measured via comparison of calculated Relative Percent Difference (RPD) values and Precision Control
Limits specified in the analytical method or by the laboratory’'s QA/QC Program.

Precision for organic analysis will be measured via the RPDs for matrix spike/matrix spike duplicate

samples.
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4.3.2 Accuracy

Accuracy is the degree of agreement between an observed value and an accepted reference value.

4.3.21 Field Accuracy Objectives

Accuracy in the field is assessed through the use of trip blanks and is ensured through the adherence to
all sample handling, preservation, and holding times. Accuracy and precision requirements for field
measurements (e.g., pH) are ensured through calibration as discussed in Section 4.9.1.

4.3.2.2 Laboratory Accuracy Objectives

Accuracy in the laboratory is measured through the comparison of a spiked sample result against a known
or calculated value expressed as a percent recovery (%R). Percent recoveries are derived from the
analysis of known amounts of compounds spiked.into deionized water (i.e., laboratory cbntrol sample
analysis) or into actual samples (i.e., surrogate or matrix spike analysis). These analyses measure the
accuracy of laboratory operations as affected by matrix. Laboratory control sample analyses are
performed with a frequency of one per 20 associated samples of like matrix. Matrix spike analyses will be
performed with a frequency of one per 20 associated samples of like matrix for organic analyses and with
a frequency of one per 10 associated samples of like matrix for inorganic analyses. Surrogate spike
analysis is performed for all organic analyses. Laborétory accuracy is assessed via comparisdn of
calculated percent recovery (%R) values with accuracy control limits specified in the analytical method or

by the laboratory's QA/QC program.

Accuracy for organic analysis will be measured via the percent recoveries for surrogate spikes and matrix

spike/matrix spike duplicates.

433 Completeness

Completeness is a measure of the amount of usable, valid, analytical data obtained, compared to the

amount expected to be obtained. Completeness is typically expressed as a percentage.

The ideal objective for completeness is 100 percent (i.e., every sample planned to be collected is
collected; every sample submitted for analysis yields valid data). However, samples can be rendered
unusable during shipping or preparation (e.g., botties broken or extracts accidentally destroyed); errors
can be introduced during analysis (e.g., loss of instrument sensitivity, introduction of ambient laboratory
contamination); or strong matrix effects can become apparent (e.g., extremely Iow'matrix spike recovery).
These instances result in data that do not meet QC criteria. Based on these considerations, 95 percent is
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considered an acceptable target for the data completeness objective. Completeness will be caiculated for
the R! as a whole since it is anticipated that all samples will be collected within a 4-month period. If

critical data points are lost, resampling and/or re-analysis may be required.

4331 Field Completeness Objectives

Field completeness is a measure of the amount of valid field measurements obtained from all the field
measurements taken in the project. Field completeness for this project is expected to be greater than

90 percent.

4.3.3.2 Laboratory Completeness Objectives

Laboratory completeness is a measure of the amount of valid laboratory measurements obtained from all
the laboratory measurements taken in the project. Laboratory completeness for this project is expected to

be greater than 95 percent.

43.4 Representativeness

Representativeness is an expression of the degree to which the data accurately and precisely depict the
actual characteristics of a population or environmental condition existing at an individual sampling point.
Use of standardized sampling, handling, analytical, and reporting procedures ensures that the finai data

accurately represent actual site conditions.

4.3.4.1 Measures to Ensure Representativeness of Field Data

Representativeness is dependent upon the proper design of the sampling program and will be satisfied by
ensuring that the field-sampling plan (FSP) in Section 3.0 of this Ri work pfan is foliowed and that proper

sampling technique are used.

4.3.4.2 Measures to Ensure Representativeness of Laboratory Data

Using the proper analytical procedures, meeting sample-holding times, and analyzing and assessing field
duplicate samples ensures representativeness in the laboratory. The sampling network for this activity
was designed to provide data representative of facility conditions. During development of this network,
consideration was given to existing analytical data, physical setting and processes. The rationale of the
sampling network is discussed in detail in Sec;tion 3.0 of the FSP.
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4.3.5 Comparability

Comparability is defined as the confidence with which one data set can be compared to another (e.g.,
between sampling points; between sampling events). Using standardized sampling and analysis methods
and data reporting formats (including use of consistent units of measure and reporting of solid matrix
sample results on a dry-weight basis) achieve comparability. Additionally, consideration is given to

seasonal conditions and other environmental variations that could exist to influence data results.

4.3.51 Measures to Ensure Comparability of Field Data

Comparability is dependent upon the proper design of the sampling program and will be satisfied by
ensuring that the FSP is followed and that proper sampling techniques are used. it is also dependent on
recording field measurements using the correct units. Field measurements for this project include pH,
specific conductance, temperature, turbidity, and dissolved oxygen. The units used for the field
measurements for this project are as follows:

° pH is measured to the nearest 0.1 standard pH unit.

. Specific conductance is measured in umhos (the inverse of the ohm).
. Temperature is measured in degrees Celsius. _

. Turbidity is measured in nephelometric turbidity units (NTU).

4.3.5.2 Measures to Ensure Comparability of Lab Data

Planned analytical data will be comparable when similar sampling and analytical methods are used and
documented. Resuits will be reported in units that ensure comparability with previous data and with
current state and federal standards and guidelines. Organic chemicals will be reported in ug/L for

aqueous samples and pg/kg for solid samples.

4.4 QUALITY ASSURANCE PROCEDURES

QA/QC samples are intended to provide control over the collection of environmental data and subsequent
validation, review, and interpretation of the analytical results. Various types of blank samples and other
related QA/QC concerns such as packaging, handling, and shipping of samples from the site are
discussed in this section.

External QC measures (i.e., field quality control samples) consist of field duplicates, trip blanks, rinsate
blanks, and field blanks. Information gained from these analyses further characterizes the level of data

quality obtained to support project goals. Each of these types of field quality control samples undergo the
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same preservation, analysis, and reporting procedures as the related environmental samples. Each type

of field quality control sample is discussed below.

44.1 Trip Blank

The trip blank is used exclusively for the monitoring of volatile organic analysis. The purpose of the trip
blank is to measure cross contamination of the samples during shipment to and from the site. The trip
blanks must travel to the site with the empty bottleware and from the site with the collected samples. At
no time should the trip blank be opened in the field. The rate at which this sample is taken is one per
cooler containing volatile organic samples. The trip blank must be analyzed for volatile organic

parameters.

44.2 Field Blank

The field blank is prepared in the field, from analyte-free water used during equipment decontamination
activities. The field blanks will be preserved in the same manner as the aqueous field samples and will be
analyzed for the same parameters as the field sampies collected that day. Field blanks will be prepared at
the rate of one per sampling event. Since disposable sample equipment will be used, field blanks are not

anticipated for this project.
44.3 Rinsate Blank

The rinsate blank is prepared in the field, from analyte-free water supplied by the laboratory, by pouring
the water over dedicated or decontaminated sampling devices into clean sample bottles. The rinsate
bfanks will be preserved in the same manner as the aqueous field samples and will be analyzed for the
same parameters as the field samples collected that day. Rinsate bianks will be prepared at the rate of

one per day per matrix.
Field blanks are not required for potable well sampling events or when an aqueous sample is collected
directly from the source into a sampling container. Since disposable sample equipment will be used, field

blanks are not anticipated for this project.

444 Field Duplicate Samples

The field duplicate is collected to monitor the precision and reproducibility of the sampling and analytical
activities. The sample is prepared by collecting two samples from the same location. These samples are
collected at a rate of one for every 10 samples per matrix for the event. Field duplicates are further

discussed in Section 4.4.9.
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445 Matrix Spike/Matrix Spike Duplicate

The matrix spike (MS) samples are collected as monitoring controls for the laboratory and are addressed
under the analytical protocols. These samples are collected at a rate of five percent of the total number of
organic analyses to be conducted for the event. MS/matrix spike duplicate (MSD) analyses are performed
for organic fraction analysis. The preparation of the organic fraction laboratory QC samples requires

supplying triple volume of the designated sample.

446 Method Blanks

Method blank samples are generated within the laboratory and are used to assess contamination resulting

- from laboratory procedures.

44.7 Other Laboratory QC Analyses

The level of QC effort for testing of organics (volatiles and semivolatiles) will conform to-the analytical
methods.

4.5 SAMPLING METHODS

Sampling during field operations will include the collection of subsurface soil, groundwater, and QA/QC
samples. General field sampling and sample documentation procedures to be impiemented are described
in TtINUS Standard Operating Procedures (SOPs). The specific sampling procedures for each task are
detailed in the following sections. A summary of the proposed sampling and analysis program is
presented in Table 3-1.

451 Soil Borings

Soil borings will be installed. A subcontracted drilling company will complete the soil borings using
methods specified in accordance with TtNUS SOPs. The subcontracted drilling company will be
responsible for obtaining all necessary permits.

Standard-penetration test and split-spoon sampling will be conducted using 2-foot long, nominal 2-inch
outside diameter (O.D.) split-spoon samplers, according to methods presented in American Society for
Testing and Materials (ASTM) D-1586-84. During the advancement of the borings at each location, soils
will be inspected from each split-spoon sampler to provide a lithologic record of the subsurface materials.
The field geologist in accordance with TtNUS SOPs will maintain a complete boring log for the borings at
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each location. Each log will describe lithologies encountered, depth of contacts, water ievels, sample
depths, and sampie numbers and wiii inciude data from standard peneiration tests. Soii samples will be

described using the Unified Soil Classification System.

Upon the opening of each split-spoon sampler, the soils will be monitored for organic vapors using a
Photoionization detector (PID) or a Flame lonization Detector (FID). Discrete soil samples will be
collected in all borings using methods in accordance with TINUS SOPs.

Split-spoon samples/drill cuttings and samples that are visibly contaminated with hydrocarbons, if any, will
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drums (DOT 17-H). Soils that are visibly clean and odor free will be placed back into the soil boring or
spread around the monitoring well.

All disposable sampling equipment will be dedicated and disposed properly. All non-disposable sampling
equipment will be decontaminated before use and between each soil boring using methods in accordance

with TEINUS SOPs.

452 Permanent Groundwater Monitoring Well Instaliation

The subcontracted drilling company will install permanent monitoring wells using methods specified in
accordance with TtNUS SOPs. The monitoring wells will be constructed of 4-inch internal diameter (ID),
threaded, flush join(, National Sanitary Foundation (NSF)-certified, Schedule 40 PVC well casing and
screen. The well screen will have a length of 13 feet and a 0.010 slot size. The top of the screen will
extend 5 feet above the top of the water table encountered during drilling.

A filter pack, consisting of clean silica sand, will be placed by freefall from the bottom of the well screen to
a minimum of 2 feet above the top of the well screen. A minimum of 2 feet of bentonite pellets will be
placed on top of the filter pack. The bentonite pellets will be activated by potable water before the
addition of a bentonite/cement grout. The bentonite cement grout will be placed by tremie pipe from the
top of the bentonite pellets to approximately 10 inches below grade. Steel guard casing will be centered
around the well césing. cemented in place, and fitted with a flush-mounted cap. The wells will be

developed after the grout has been placed.

453 Groundwater Sampling of Permanent Groundwater Monitoring Wells

Groundwater samples will be collected ljsing methods in accordance with TtINUS SOPs from each of the

monitoring wells a minimum of 14 days after well completion for laboratory chemical analysis. Each well
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will be purged a minimum of three well volumes. Field testing of pH, temperature, and conductivity will be
performed using methods in accordance with TtNUS SOPs before sampling. Samples will be poured
directly from bailers into appropriately pre-preserved sample containers. The samples will include
applicable field QA/QC samples (i.e., blanks and duplicates).

All purge water and decontamination fluids generated during groundwater sampling activities will be
handled in accordance with Section 4.7. '

Sampling equipment will be handled in accordance with Section 4.7. Disposable sampling equipment will
be dedicated and disposed properly. All non-disposable sampling equipment will be decontaminated

before use and between each well using methods in accordance with TtINUS SOPs.

4.5.4 Groundwater-Level Measurement in Permanent Groundwater Monitoring Wells

One round of static-water-level measurements will be collected prior to sampling. The water level will be
measured from the top of the casing and from the top of the ground surface and will be measured to 0.01-

foot accuracy.

4.5.5 Aquifer Tests

Slug tests conducted during field operations will be in accordance with methods specified in TTINUS SOP
GH-2.4. A rising-head slug test will be performed during field operations in at ieast one of the permanent
groundwater monitoring wells installed in order to provide approximate K values for that portion of the soil
that surrounds the screened interval in the permanent groundwater monitoring well. Water-level

measurements will be obtained during the test using a pressure transducer.

4.5.6 Duplicate and Split Samples

Duplicate samples will be obtained during field activities to monitor sampling techniques in the field and in the
laboratory. These samples will be collected at a rate of one duplicate for each 10 field sampies. The
laboratory will receive them as "blind" samples. Details regarding the field duplicate sampling process are
further described below.

Aqueous duplicates are collected by alternatively filling sample containers from the same sampling device for
each parameter. Samples for volatile organic analysis will be taken from the same bailer and will be the first
samples filled.
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Soil samples (non-aqueous) will be coliected from the same sample location. The sample material will be
homogenized in a stainless-steel mixing bowl before sample containers are filled. Sample material for volatile
organic analysis will be collected prior to homogenizing to prevent loss of volatile constituents and to
preserve the physical integrity of the volatile fraction.

Split samples are not proposed for this field activity. If field conditions change or the scope of work for this

activity change to include the collection of split samples, this work plan will be amended to reflect the change.

4.6 FIELD DECONTAMINATION PROCEDURES

An important aspect of quality control is the decontamination of field sampling equipment. Improperly
cleaned and prepared equipment can lead to misinterpretation of environmental data due to interference

from cross contamination.

All non-disposable sampling equipment that comes in contact with sample medium will be decontaminated
using methods in accordance with TINUS SOPs. Specifically, the following decontamination requirements

will be met:
. Potable water and detergent rinse {(Alconox/Liquinox)
. Tap water rinse
° Distilled/deionized water rinse
. Methanol rinse
. Distilled/ deionized water rinse
. Air dry
4.7 HANDLING AND DISPOSAL OF INVESTIGATION-DERIVED WASTES

Waste that is generated during field activities must be disposed in a manner that will not further the potential
for contamination. Waste materials routinely generated from an investigation of this type consist of
Geoprobe® and drill cuttings, excess sample, well development and purge water, decontamination water,
dedicated disposable sampling equipment, and general refuse. .

At locations where the cuttings are considered to be contaminated based on visual staining and/or
petroleum odors, the drill cuttings and disposable sampling equipment will be placed in drums and stored
in a secure area. The need to perform analyses of the secured IDW for waste characterization and
disposal approvals will be evaluated and performed as necessary based on the sample results.
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At locations where the groundwater is considered to be contaminated above NYSDEC groundwater
quality standards, the groundwater and decontamination water will be collected in a drum and stored in a

secure area.

if sample resuits exceed NYSDEC action levels, the IDW will be transported and disposed off site at a
licensed disposal facility. TtNUS will be responsible for procuring and managing the subcontract disposal
services for IDW during this project.

In the event that the sample results are below the action levels, the Navy plans to dispose of these
materials on site. Purge water will be poured onto unpaved ground surfaces. Decontamination waters
will be poured onto a paved surface to allow natural evaporation and runoff to the storm water collection
system. Disposable sampling equipment will be placed in plastic garbage bags and disposed as general
refuse.

4.8 SAMPLE CUSTODY

Chain-of-custody (COC) procedures in accordance with TtNUS SOPs. will be followed.

As explained in the procedure, a sample is under custody if it is in

. The pbssession of the sampler/analyst
. View after being in the possession of the sampler/analyst
. The possession of the sampler/analyst and then placed in a secured location
. A designated secure area
4.8.1 Sample Collection Custody Procedures

The person doing the actual field sampling is responsible for the care and custody of the samples collected
until the samples are properly transferred or dispatched.

Sample labels shall be completed for each sample container, using waterproof ink. Appropriate sample
description and other pertinent information must be recorded in the field logbook.
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4.8.2 Field Documentation/Logbooks

A summary of all field activities will be properly recorded in a bound logbook with consecutively numbered
pages that cannot be removed. Logbooks will be assigned to field personnel but will be stored in a secured

area when not in use. A unique number will identify each logbook.

At a minimum, the following information will be recorded in the site logbook:

. The name of the person to whom the logbook is assigned.

. The logbook number.

. The project name.

. The project start date.

. The names and responsibilities of on-site project personnel including subcontractor personnel.

. The arrival/departure of site visitors.

. The arrival/departure of equipment.

. Sampling activities and sample logsheet references.

. A description of subcontractor activities.

o Sample pick-up information including COC numbers, air-bill numbers, carrier, time, and date.

. A description of borehole, trench, or monitoring well installation activities.

) Health and safety issues.

. A description of photographs including the date, time, photographer, roll and picture number,
iocation, and direction of the photograph.

All entries will be written in black ink and no erasures will be made. If an incorrect entry is made, the
correction will be made by striking a single line through the incorrect information; the person making the
correction will initial and date the change.

Samples will be collected following procedures outlined in Section 4.4. The equipment used to collect the
sample will be noted in the logbook along with time of sampling, sampler's name, sample description, depth
at which the sample was collected, and the volume and number of containers collected. QC sample

information will be appropriately recorded.

Field Changes

Changes in proposed project activities may be necessary as a result of altered field conditions or
unanticipated events. Amendments or revisions to approved project plans will undergo the same level of
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review as the original planning document. A summary of the sequence of events associated with field
changes is as follows:

. The FOL notifies the project manager of the need for a change in scheduled activities.

. The project manager will discuss the change with the appropriate individuals and will
provide verbal approvatl or denial for the proposed change.

. The FOL will document the change on a Task Modification Request Form and forward the
form to the project manager immediately.

. The project manager will review and sign the form and distribute copies to the program
contracting officer, program QA manager, FOL, and the project file.

. A copy of the completed Task Modification Request Form will also be attached to the field

copy of the affected document (i.e., project work plan, safety plan).

Sample Documentation

A sample logsheet will be filled out for each sample coliected. A sample logsheet is used to record specific
types of data pertaining to the samples. Sample-specific data include such information as the sample
identification number, container type and lot number, sample volume, preservative information, medium,
sample description, any problems encountered during sampling, shipping information (airbill), date and time
of sample, and sampler's signature. Sample logsheets are sequentially numbered and stored in a notebook.
The notebook is included in the project file at the completion of field activities. Copies of these pages will be

included as an appendix to rough draft, draft, and final project deliverables.

Daily Activities Record

The Daily Activities Record is designed for schedule and budget tracking and progress reporting. This
record documents the pay items involved with daily activities and progress for each subcontractor. These
sheets summarize the work performed and are used to check the subcontractor's request for payment.

The FOL supervising a subcontractor activity must complete a Daily Activities Record Form. The
subcontractor's signature is required at the end of each day to verify work accomplished and the various

pay items (e.g., hours worked, delay time, and materials used).

Equipment Calibration Log Form

Each TtNUS instrument requiring calibration will have a separate equipment calibration log form that

documents that the manufacturer's instructions and the SOPs were followed for calibration of the equipment.
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This information should include the frequency and type of standard or calibration device. This record
documents the accuracy, precision, or sensitivity of the measurement. If necessary, it will be used to
determine if corrections should be applied to the readings. A separate form will be established and
maintained for each field instrument.

These forms will be maintained in a binder and, at the completion of the field activities, will be stored in the

project file.

4.8.3 Custody Transfer and Shipment Procedures

A properly completed chain-of-custody (COC) form will accompany samples. When transferring the
possession of samples, the individuals relinquishing and receiving the samples will sign, date, and note the
time of transfer on the record. The original form and one copy will be sealed inside the cooler for shipment;

the sampler will retain another carbon copy.

Samples will be properly packaged for shipment and secured with strapping tape and custody seals.

If the samples are sent by common carrier, a bill of lading will be used. A receipt or a bill of lading will be
retained as permanent project documentation. Commercial carriers are not required to sign the custody
form as long as the forms are sealed inside the shipping container and the custody forms remain intact. |f

the samples are sent by mail, the package will be registered with a return receipt requested.

484 - Laboratory Custody Procedures

The laboratory wili follow proper custody procedures. When the laboratory receives the samples, the bill of
lading or shipping manifest will be signed and dated to document sample receipt. The laboratory will keep a
copy of the manifest that will be included in the data package. The sample custodian will verify the integrity
of the custody seals and the condition of the shipping containers. When the containers are opened, the
temperature of the cooler will be measured and documented and the enclosed sample paperwork will be

removed.

The samples will be removed from the coolers, and the condition of the bottles will be noted. All pertinent
sample paperwork and labels will be inspected for discrepancies. Breakage or discrepancies will be resolved
through the TtNUS project manager. Sample preservation will be noted and any improper preservation will
be documented on an Out-Of-Control Form; corrective action will be taken. Laboratory tracking procedures
will be followed as discussed in the laboratory QA plan provided by the contracted laboratory.
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4.9 CALIBRATION PROCEDURES

All instrumentation used to perform chemical measurements must be properly calibrated prior to use in
order to obtain valid and usable results. The requirement to properly calibrate instruments prior to use

applies equally to field instruments as to fixed laboratory instruments.

491 Field Calibration And Preventative Maintenance Procedures

It is the FOL's responsibility to ensure that field team members are trained in the calibration, use, and
maintenance of all applicable field instruments and equipment.

Equipment used during field activities and sample collection will be calibrated in accordance with SOPs

and manufacturers' instructions.

Equipment will be inspected at the beginning of each day to ensure that it is in operable condition and
calibrated. All calibration activities will be documented on equipment calibration log sheets. Instruments
in need of repair will be removed from service and clearly marked to ensure against further use.

The field logbook will clearly identify the specific instruments used for each task.

49.2 Laboratory Instrument Calibration

The laboratory is responsible for properly calibrating and maintaining analytical instrumentation. The
laboratory's approved QA plan and method-specific QC activities must be in compliance with method and
NFESC requirements. Sufficient documentation of compliance will be provided by the laboratory and will
be included as part of the data package. Method- and instrument-specific calibration and tuning criteria
for particular analyses are described briefly below. The frequency of calibration will be performed
according to the requirements of the specific methods.

4.9.2.1 Volatile Organic Compound Analyses

For volatile organic compounds, the GC/MS system will be tuned and calibrated in accordance with the
SW-846 method 8260 for groundwater and free product samples and EPA method 8021 for soil Samples,
with the exception noted as follows: Initial calibration is required before any samples are analyzed and
must include a blank and a minimum of five different concentrations as specified in the methods.
However, § pg/L standards will be used in place of 10 pg/L standards in the aqueous volatile initial
calibration for benzene. A continuing calibration check, including the mid-range standard and a blank,
must be performed at the beginning of each 12-hour shift during which analyses are performed.
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49.22 Semivolatile Organic Compound Analyses

For semivolatile organic compounds, the GC/MS system will be calibrated in accordance with the SW-846
method 8270, with the exception noted as follows: Initial calibration is required before any samples are
analyzed and must include a blank plus five different concentrations as specified in the method. However,
5 ug/L standards will be used in piace of 10 ug/L st
A continuing calibration check, including the mid-range standard and a blank, must be performe

beginning of each 12-hour shift during which analyses are performed.

4.10 ANALYTICAL PROCEDURES

All sampling and monitoring activities conducted in the field will be documented including calibration and
use records for field instrumentation. All data generated will be reviewed by the FOL and approved before

accepted.

Off-site analytical support will be provided by a NYSDEC-certified analytical laboratory. This iaboratory is
responsible for compliance to all applicable NYSDEC and NFESC requirements. The analytical data
package(s) is required to meet deliverable requirements to include documentation of QC resuits for
calibration and method QC compliance as listed on laboratory QC summary sheets and raw analytical
data (chromatograms, quantitation lists, and spectra) for field samples and laboratory and field blanks.
Non-target compound reporting (tentatively identified compounds) will not be required, nor will raw data
for calibration standards, matrix $pikes, or instrument tuning. These requirements are further addressed
in Section 4.9.2. All method-specific QA/QC requirements will be met. Upon approval of this QAPP, a
NYSDEC certified laboratory will be procured.

4.10.1 Laboratory Sample Storage Procedures

The laboratory is required to follow the sample storage procedures outlined in the laboratory's approved
QA plan. Specifically, the samples will be maintained under custody and will be stored in compliance with
all applicable method-specific and program QA/QC requirements.

4.10.2 Laboratory Data Deliverable Format

Samples from investigation that are submitted to the laboratory for volatile and semivolatile analyses will
require partial laboratory data deliverables for submission by the laboratory to include the raw data and
QC forms described above. Submission of electronic data records pertaining to analyses conducted
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under the investigation will also be requir
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requirements.

4.11 DATA REDUCTION, VALIDATION, AND REPORTING

Data reduction will be performed by the laboratory in accordance with the laboratory's approved QA plan,
iaboratory SOPs, and NFESC and NYSDEC requiremenis. Documentation to support the daté review wiii
be included in the data package. The content and format of the analytical data packages are discussed in
the preceding section.

e
y a senior chemist. The analytical data review

O

false negatives, and any severe accuracy problems)

process includes the following tasks:

. Check analytical data for completeness to determine if all samples were analyzed and
reported for the parameters requested in the chain-of-custody. Contact the laboratory to
retrieve any missing information. Verify that the correct methods were followed in the

laboratory narrative and QC summary forms.

. Check the data report for accuracy of sample identification, sample location, date of
collection, and units.

. Organize the data tables by sample matrix, sample location. Consolidate the results of
any muitiple sampile resuits (i.e., re-runs or dilutions) into one set of results.

. Check all summary forms for blank contamination and field/laboratory precision. Method -
non-compliance or anomalc;us results for blanks or field duplicates will be checked in the
raw data to ensure against reporting error. Any findings will be summarized in an internal
memorandum, but the data will not be qualified. |

. In field samples, check selected large positive hits against the raw data to ensure against
false positive or incorrectly calculated resuits.

. Check laboratory QC summary forms to ensure against those problems that would trigger
data rejection (extremely low response factors or severe tuning problems).
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. Submit the data review results to the project manager as an internal memorandum

summarizing probieéms and resoiutions.

412 DATA ASSESSMENT PROCEDURES

Precision and accuracy will be assessed through data review procedures as discussed above.
Compliance with the completeness objectives for field and laboratory data/measurement will be verified.
ion nec y to documen t acceptable precision and accuracy will be provided in electronic and
hard-copy form by the subcontract laboratory. Procedures to be used for the precision, accuracy, and
completeness assessment are as eariier outlined in Sections 4.3.1 through 4.3.5. ’
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5.0 HEALTH AND SAFETY
5.1 PROJECT ORGANIZATION AND RESPONSIBILITIES

The H&S manager at each TtNUS office is responsible for ensuring that the site-specific HASP is in
accordance with federal and state regulations and contract specifications. The site-specific HASP is
provided in Appendix C. The H&S manager also provides technical safety and industrial hygiene
oversight for all fieidwork perfou;med for all projects and provides assistance and guidance to the project
H&S officer. The project H&S officer is responsible for preparing the site-specific HASP and for verifying
that site personnel adhere to the site safety requirements. The project H&S officer also provides guidance
about appropriate corrective action procedures and maintains communication among the project staff,

. project manager, and office H&S manager.

5.2 HEALTH AND SAFETY OBJECTIVES

TtNUS has established a comprehensive health, safety, and training program for all field activities,
particularly those that have the potential for chemical exposures. The program is intended to provide
adequate procedures, protective gear, monitoring, and follow-up to protect the health of TtNUS,
subcontractor, and client personnel, as well as the public near the work sites.

This program is driven by the requirement to comply with federal and state Occupational Safety and
Health Administrative (OSHA) regulations, the need to minimize the risk of adverse health effects from
exposure to work hazards, and the savings inherent in safe work activities. In this regard, our objective is
to comply with all standards, training requirements, medical monitoring, and employee protection
requirements for workers engaged in hazardous waste operations, as required by 29 CFR 1910.120,
March 6, 1989.
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APPENDIX A

TETRA TECH NUS STANDARD OPERATING PROCEDURES
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APPENDIX A
FREE PRODUCT RECOVERY TEST FIELD SHEET

NWIRP BETHPAGE
Site: AOC 22 South of Plant 3 Date:
Well No.: Depth to Water:
Well Size/Type: Odor:
Total Well Depth: Color:
Initial Free Product Thickness: ' Temperature:

Total Volume of Free Product Recovered:

Target Tlme Actual Thickness Notes/Observations
(hours)’ Time Measurement (feet) -

0

1

2

4

8

16

24

48

1. Times are approximate. If the well recovers faster, then shorter time intervals
will be used.

General Notes/Observations:

Test Performed By:
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1.0 PURPOSE

The purpose of this Standard Operating Procedure (SOP) is to identity and designate the field data

record forms, logs and reports generally initiated and maintained for documenting Brown & Root
Environmental field activities.

2.0 SCOPE

Documents presented within this procedure (or equivalents) shall be used for all Brown & Root

Environmental field activities, as applicable. Other or additional documents may be required by specific
client contracts.

3.0 GLOSSARY
None
4.0 RESPONSIBILITIES

Project Manager - The Project Manager is responsible for obtaining hardbound, controlied-distribution
logbooks (from the appropriate source), as needed. In addition, the Project Manager is responsible for

placing all forms used in site activities (i.e., records, field reports. and upon the completion of field work,
the site logbook) in the project's central file.

Field Operations Leader (FOL) - The Field Operations Leader is responsible for ensuring that the site
logbook, notebooks, and all appropriate forms and field reports illustrated in this guideline (and any

additional forms required by the contract) are correctly used, accurately filled out, and completed in the
required time-frame. :

5.0 PROCEDURES
5.1 Site Logbook
5.1.1 General

The site logbook is a hard-bound, paginated controlled-distribution record book in which all major onsite

activities are documented. At a minimum, the following activities/events shall be recorded (daily) in the
site loghook:

All field personnel present

Arrival /departure of site visitors

Arrival /departure of equipment

Start or completion of borehole/trench/monitoring well installation or sampling activities
Dally onsite activities performed each day

Sample pickup information

Health and Safety issues (level of protection observed, etc.)

Weather conditions

A site fogbook shall be maintained for each project. The site logbook shall be initiated at the start of the
first onsite activity (e.g., site visit or initial reconnaissance survey). Entries are to be made for every day
that onsite activities take place which involve Brown & Root Environmental or subcontractor personnel.
Upon completion of the fieldwork, the site logbook must become part of the project's central file.
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The following information must be recorded on the cover of each site logbook:

Project name -

Brown & Root Environmental project number
Sequential book number

Start date

End date

Information recorded daily in the site logbook need not be duplicated in other field notebooks (see
Section 5.2), but must summarize the contents of these other notebooks and refer to specific page
locations in these notebooks for detailed information (where applicable). An exampie of a typical site
logbook entry is shown in Attachment A.

If measurements are made at any location, the measurements and equipment used must either be

recorded in the site logbook or reference must be made to the site notebook in which the measurements
are recorded (see Attachment A).

All logbook, notebook, and log sheet entries shall be made in indelible ink (black pen is preferred). No
erasures are permitted. If an incorrect entry is made, the data shall be crossed out with a single strike
mark, and initialed and dated. At the completion of entries by any individual, the logbook pages used

must be signed and dated. The site logbook must aiso be signed by the Field Operations Leader at the
end of each day.

5.1.2 Photographs

When movies, slides, or photographs are taken of a site or any monitoring location, they must be
numbered sequentially to correspond to logbook entries. The name of the photographer, date, time, site
location, site description, and weather conditions must be entered in the logbook as the photographs
are taken. A series entry may be used for rapid-sequence photographs. The photographer is not
required to record the aperture settings and shutter speeds for photographs taken within the normal
automatic exposure range. However, special lenses, films, filters, and other image-enhancement
techniques must be noted in the logbook. If possible, such techniques shall be avoided. since they can
adversely affect the admissibility of photographs as evidence. Chain-of-custody procedures depend upon
the subject matter, type of film, and the processing it requires. Fiim used for aerial photography,
confidential information, or criminal investigation require chain-of-custody procedures. Adequatelogbook
notation and receipts must be compiled to account for routine film processing. Once processed, the
slides of photographic prints shail be consecutively numbered and labeled according to the logbook

descriptions. The site photographs and associated negatives must be docketed into the project’s central
fite.

52 Shte Notebooks
Key field team personnel may maintain a separate dedicated notebook to document the pertinent field

activities conducted directly under their supervision. For example, on large profects with muitiple
investigative sites and varying operating conditions, the Health and Safety Officer may elect to maintain

a separate site notebook. Where several drill rigs are in operation simuitaneously, each site geologist

assigned to oversee a rig must maintain a site notebook.
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5.3 Sample Forms

A summary of the forms illustrated in this procedure is shown as the listing of Attachments in the Table
of Contents for this SOP. Forms may be altered or revised for project-specific needs contingent upon
client approval. Care must be taken to ensure that all essential information can be documented.
Guidelines for compieting these forms can be found in the related sampling SOP.

5.3.1 Sample Collection, Labeling, Shipment and Request for Analysis

5.3.1.1 Sample Log Sheet

Sample Log Sheets are used to record specified types of data while sampling. Attachments B-1 to B4
are examples of Sample Log Sheets. The data recorded on these sheets are useful in describing the
waste source and sample as well as pointing out any problems encountered during sampling. A log
sheet must be completed for each sample obtained, including field quality control (QC) samples.

58.3.1.2 Sample Label

A typical sample label is illustrated in Attachment B-5. Adhesive labels must be completed and applied
to every sample container. Sample labels can usually be obtained from the appropriate Program source
or are supplied from the iaboratory subcontractor.

53.1.3 Chain-of-Custody Record Form

The Chain-of-Custody (COC) Record is a multi-part form that is initiated as samples are acquired and
accompanies a sample (or group of samples) as they are transferred from person to person. This form
must be used for any samples collected for chemical or geotechnical analysis whether the analyses are
performed on site or off site. One part of the completed COC form is retained by the field crew while
the other two or three portions are sent to the laboratory. The original (top, signed copy) and extra
carbonless copies of the COC form shall be placed inside a large Ziploc-type bag and taped inside the
lid of the shipping cooler. If muitiple coolers are sent but are included on one COC form, the COC form
shouid be sent with the first cooler. The COC form should then state how many coolers are included
with that shipment. An example of a Chain-of-Custody Record form is provided as Attachment B-6. A
supply of these forms are purchased and stocked by the field department of the various Brown & Root
Environmental offices. Alternately, COC forms supplied by the laboratory may be used. Once the
samples are received at the laboratory, the sample cooler and contents are checked and any problems
are noted on the enclosed COC form (any discrepancies between the sample iabels and COC form and
any other problems that are noted are resoived through communication between the laboratory point-of-
contact and the Brown & Root Environmental Project Manager). The COC form is signed and one of
the remaining two parts are retained by the laboratory whiie the last part becomes part of the samples’

corresponding analytical data package. internal laboratory chain-of-custody procedures are documented
in the Laboratory Quality Assurance Plan (LQAP).

53.14 Chain-of-Custody Seal

Attachment B-7 is an example of a custody seal. The Custody seal is also an adhesive-backed label.
It is part of a chain-of-custody process and is used to prevent tampering with samples after they have
been collected in the field and sealed in coolers for transit to the laboratory. The COC seals are signed
and dated by the samplers and affixed across the opening edges of each cooler containing

environmental samples. COC seals may be available from the laboratory; these seals may aiso be
purchased from a supplier.
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5.3.2 Geohydrological and Geotechnical Forms
53.2.1 " Groundwater Level Measurement Sheet

A groundwater level measurement sheet, shown in Attachment C-1 must be filled out for each round of
water level measurements made at a site.

5.3.2.2 Data Sheet for Pumping Test

During the performance of a pumping test (or an in-situ hydraulic conductivity test), a large amount of
data must be recorded, often within a short time period. The pumping test data sheet (Attachment C-2)
facilitates this task by standardizing the data collection format, and allowing the time interval for collection
to be laid out in advance.

5.3.2.3 Packer Test Report Form

A packer test report form shown in Attachment C-3 must be completed for each well upon which a
packer test is conducted following well installation.

5.3.2.4 Summary Log of Boring

During the progress of each boring, a log of the materials encountered, operation and driving of casing,
and location of samples must be kept. The Summary Log of Boring (Attachment C-4) is used for this
purpose and must be completed for each soil boring performed. In addition, if volatile organics are
monitored on cores, samples or cuttings from the borehole (using HNU or OVA detectors), these resuits
must be entered on the boring log (under the "Remarks" column) at the appropriate depth. The
"Remarks” column can aiso be used to subsequently enter the laboratory sample number and the
concentration of a few key analytical resuits. This feature ailows direct comparison of contaminant
concentrations with soil characteristics.

53.25 Monitoring Well Construction Details Form

A Monitoring Well Construction Details Form must be completed for every monitoring well piezometer
or temporary well point installed. This form contains specific information on length and type of well riser
pipe and screen, backfill, fiter pack, annuiar seal and grout characteristics, and surface seal
characteristics. This information is important in evaluating the perforrnance of the monitoring well,
particularly in areas where water levels show temporal variation, or where there are muitiple (immiscibie)
phases of contaminants. Depending on the type of monitoring well (in overburden or bedrock), different
forms are used (see Attachments C-5 through C-9). Similar forms are used for flush-mount weil
compietions. The Monitoring Well Construction Details Form is not a controlied document.

5326  TestPilog

When a test pit or trench is constructed for investigative or sampling purposes, a Test Pit Log
(Attachment C-10) must be filled out by the responsible field geoiogist or sampling technician.

5.3.3 Equipment Callibration and Maintenance Form
The calibration or standardization of monitoring, measuring or test equipment is necessary to assure the

proper operation and response of the equipment, to document the accuracy, precision or sensitivity of
the measurement, and determine if correction should be applied to the readings. Some items of
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equipment require frequent calibration, others infrequent. Some are calibrated by the manufacturer,
others by the user.

Each instrument requiring calibration has its own Equipment Calibration Log (Attachment O) which
documents that the manufacturer’s instructions were followed for calibration of the equipment, including
frequency and type of standard or calibration device. An Equipment Calibration Log must be maintained

for each electronic measuring device used in the field: entries must be made for each day the equipment
is used.

54 Field Reports

_ The primary means of recording onsite activities is the site logbook. Other field notebooks may aiso be

maintained. These logbooks and notebooks (and supporting forms) contain detailed information required
for data interpretation or documentation, but are not easily useful for tracking and reporting of progress.
Furthermore, the field logbook/notebooks remain onsite for extended periods of time and are thus not
accessible for timely review by project management.

5.4.1 Weekly Status Reports

To facilitate timely review by project management, Xeroxed copies of logbook/notebook entries may be
made for internal use. To provide timely oversight of onsite contractors, Daily Activities Reports are
completed and submitted as described below.

It should be noted that in addition to the summaries described herein, other summary reports may also
be contractually required.

5.4.2 Daily Activities Report

5421  Description

The Daily Activities Report (DAR) documents the activities and progress for each day'’s field work. This
report must be filled out on a daily basis whenever there are drilling, test pitting, well construction, or
other related activities occurring which involve subcontractor personnel. These sheets summarize the

work performed and form the basis of payment to subcontractors (Attachment E is an example of a Daily
Activities Report).

54.22 Responsibilities

it is the responsibility of the rig geologist to complete the DAR and obtain the driller's signature
acknowliedging that the times and quantities of material entered are correct.

5.4.23 Submittal and Approval

At the end of the shift, the rig geologist must submit the Daily Activities Report to the Field Operations
Leader (FOL) for review and filing. The Dally Activities Report is not a formal report and thus requires
no further approval. The DAR reports are retained by the FOL for use in preparing the site logbook and
in preparing weekly status reports for submission to the Project Manager.
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ATTACHMENT A
TYPICAL SITE LOGBOOK ENTRY
START TIME: DATE:
SITE LEADER:
PERSONNEL.:
BROWN & ROOT ENV. DRILLER EPA
WEATHER: Clear, 68°F, 2-5 mph wind from SE
ACTIVITIES:
1. Steam jenney and fire hoses were set up.
2. Drilling activities at weli resumes. Rig geologist was . See

Geologist's Notebook, No. 1, page 29-30, for details of drilling activity. Sample No. 123-21-
S4 collected: see sample logbook, page 42. Drilling activities compieted at 11:50 and a
4-nch stainless steel well installed. See Geologist's Notebook, No. 1, page 31, and well
construction details for well

3. Drilling rig No. 2 steam-cleaned at decontamination pit. Then set up at location of
waell .

4 Well drilled. Rig geologist was . See Geologist's Notebook,
No. 2, page page ___for details of drilling activities. Sample numbers 123-22-S1, 123-22-S2,
and 123-22-S3 collected; see sampie logbook, pages 43. 44, and 45.

5. Well was developed. Seven §5-galion drums were filled in the flushing stage. The
well was then pumped using the pitcher pump for 1 hour. At the end of the hour, water
pumped from well was “sand free.”

EPA remedial project manger arrives on site at 14:25 hours.

Large dump truck arrives at 14:45 and is steam-cieaned. Backhoe and dump truck set up
over test pit

8. Test pit dug with cuttings placed in dump truck. Rig geologist was
. See Geologist's Notebook, No. 1, page 32, for details of test pit
activities. Test pit subsequently filled. No samples taken for chemical analysis. Due to
shallow groundwater table, filling in of test pit ___ resuited in a very soft and wet area. A
mound was developed and the area roped off.

9. Express carrier picked up samples (see Sample Logbook, pages 42 through 45) at
17:50 hours. Site activities terminated at 18:22 hours. All personnel off site, gate locked.

Field Operations Leader
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ATTACHMENT B-1
EXAMPLE GROUNDWATER SAMPLE LOG SHEET
= GROUNDWATER

SAMPLE LOG SHEET Page ___of ___

Project Sits Name: Sarnple iD No.:

Project No.: Sampile Location:

O Domestic Well Date Sampled Bv:

O Monitoring Wel Dsts
0O Other Well Type:

C.0.C. No.:

O QA Sampie Type:

Date:

Time:

Masthod:

Date:

Method:
Monitor Resding (ppm):

Waeil Casing Dis. & Material
Typs:

Totai Well Depth (TD):

Static Water Level (WAL):

TO-WL {ft.) =

One Casing Volume: (gali)

Start Purge {hre.):

End Purge (hws.):

Total Purge Time (min):

B R R A AR R G R R RIS H

Total Amount Purged {gail):

SRR PR DN
AR TR B ek o S ekt w e

143 .
341 Signeturele):
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ATTACHMENT B-2
EXAMPLE SURFACE WATER SAMPLING LOG SHEET

. SURFACE WATER
SAMPLING LOG SHEET Page of

Project Site Name: Sample ID No.:
Project No.: Sample Location:

QO Spring Q Pond Sampled By:

O Stream O Lake

O Other

O QA Sampie Type: C.0.C. No.:

Observations/Notes:

Signature(s):

TBD: To Be Determined




Subject Number Paue
FiIELD DOCUMENTATION SA-6.3 vt 2
- Revision Effective Date
0 n3/00 05
ATTACHMENT B-3
EXAMPLE SOIL/SEDIMENT SINGLE SAMPLE LOG SHEET
SOIL/SEDIMENT
SINGLE SAMPLE LOG SHEET
' Page ___of

Project Site Namae: Sampie 1D No.:
Project No.: Sampie Locstion:

O Surfacs Soil Sampied By:

O Subsurfacs Soil

O Sediment C.0.C. Ne.:

O Other

O QA Sampie Type:

Ssmpie Method:

Depth Sampied:

Sampie Date and Time:

e e N X AR N S e T T
et Rl PR ;

Observations/Notes:
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ATTACHMENT B-4
CONTAINER SAMPLE LOG SHEET FORM
ol Lid Page __ of _
0O Container Data Case #:
By:
Project Site Name: Project Site No.
Brown & Root Env. Source No. Source Location:
O Drum Color:
O Bung Top
O Lever Lock Condition:
O Bolted Ring
O Other Markings:
Vol. of Contents:
O Bag/Sack
O Tank Other:
gd Other
Disposition of Sampile Sampie Description
0O Container Sampled Layer 1 Layer 2 Layer 3
O Container opened but not Phase OSol. OLlq. OSol. Oliq. OSol. Ol
sampled. Reason: - | Color
Viscosity OL OM OH oL OM OH oL OM OH
% of Total
O Container not opened. Volume
Reason: Other
Monitor Reading: Type of Sample
O Grab
Sample Method: 0 Low Concentration O Composite
(0 High Concentration O Grab-composite
Sampie Date & Time: Sampie {dentification Organic inorganic
Sampled by:
Signature(s):
Date Shipped
Analysis: Time Shipped
Lab

Volume
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ATTACHMENT B-5
SAMPLE LABEL
- -~ ... PROJECT:
STATION LOCATION:
DATE: / / TME. _______hrs.
MEDIA: WATER O SOIL O SEDIMENT O a
CONCENTRATION: LOW O MEDIUM O HIGH O
TYPE: GRAB O COMPOSITE O
ANALYSIS PRESERVATION
VOA O BNAs O -
PCBs O PESTICIDES O g:,%"‘; 4 ?_l , g
METALS: TOTAL O DISSOLVED O | -3 t° "H < \2 -
CYANIDE [ aUn to pH >
a a
Sampled by:
Remarks:




ATTACHMENT B-6

CHAIN-O: -CUSTODY RECORD FORM
(Original is 8.5 x 11")

PROJECT NO.

PROJECT NAME

STANO. OATE

STATION LOCATION

=177 -

Relinquished by: lﬁpmcl. Date/Time Received by: (Signatwe) Relinquished by: (Signatwe) DOT-Q Recolved by: (Signatwre)

Rebaquished by: (Signatwe) DateTTime Received by: (Sgnatwe) Relinquithed by: (Signature) omlm.. Recelved by: (Signatwie) ]
: Remarks:

Nelinquiched by: (Signatwre) omlrrm Received :t.n tLaborstary by omlm-n marks

veiang

NOLLYINIWNDOAQ a13id

uoIsIney

nqny

£'9-vS

96, L0/€0

N %0833

[45 -]
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ATTACHMENT B-7
CHAIN-OF-CUSTODY SEAL
esmuutis ~ CUSTODY SEAL
aieq Date

AvaS AQOLSNO Signature
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ATTACHMENT C-1
EXAMPLE GROUNDWATER LEVEL MEASUREMENT SHEET

- GROUNDWATER LEVEL

MEASUREMENT SHEET Page of
PROJECT NAME: LOCATION:
PROJECT NUMBER: MEASURING DEVICE:
PERSONNEL: ADJUSTMENT FACTOR:
DATE: - REMARKS:

WEATHER CONDITIONS:

M to 0.01 foot. Signature(s):
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ATTACHMENT C-2
EXAMPLE PUMPING TEST DATA SHEET
PUMPING TEST DATA SHEET
- Page ____ of

PROJECT NAME:

PROJECT NUMBER:
PUMPING TEST: [ ]

TEST NUMBER:

METHOD OF MEASUREMENT:
DATE(s):
STATIC HsQO LEVEL (ft) (SO)
PUMPING TEST PERFORMED BY:

PUMPING WELL NUMBER!

MEASURED WELL NUMBER:

STEP DRAW DOWN TEST
MONITORING POINT:

(1

DEPTH CORRECTION (ft)

PUMP SETTING (Ft. below monitoring point):

. DISTANCE FROM PUMPING WELL (ft) ().

REMARKS:

EAPSED _ ,
MILITARY TME :nfr WATER LEVEL] CORRECTION
nme |PUMPSTA e Fu)
OR STOP

{Min.}

orRaw ETER
oown on |FIELITE)  pusenva REMARKS
recovery | MAOMY | mate v

(Fe.)

R T -

SIGNATURE(s):




ATTACHMENT C-3
) PACKER TEST REPORT FORM
PROJECT: PROJECT NO.: TESTNO: OF
SORING NO.: CASING DEPTH: CONTRACTOR: STATIC WATER LEVEL
TEST INTERVAL: sy CHECKED: PACKER PRESSURE
Calculated Results VEST CONFGURANON Frovee gompe
Q-—Nmﬂ
uxpene | ¢ - I e o O IV O R B iy

.
2l

*— packer

lo— Packer

1.
1ps = 220 thesd
Remarks:

CP e (23 LH™ ) (70.315 5)
43 Gatloms = | F1)

* My is used when the test lengthis below thé witer table.

1 's used when the test length is sbove the water table

Efssi=1=1~-

veigng

NOILVININNOOQA q131d

uorsiey

fRe R S LR

£9VvS

o0 8AQDAYT

ct 061

96/ 10/€0
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ATTACHMENT C-4
EXAMPLE BORING LOG
) BORING LOG Page___of ___
PROJECT NAME: BORING NUMBER:
PROJECT NUMBER: DATE :
DRILLING COMPANY: GEOLOGIST:
WATER LEVEL DATA:
MATERIAL DESCRIPTION .
e LT : 1 i Remaris "no
iy Run no | oy EIN : l:

‘When rock conng enter rosk brokensse.

CONVERTED TO WELL : ___ Yes __ No:

REMARKS:

WELL 1.D.#:

Signature(s):
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ATTACHMENT C-5
EXAMPLE OVERBURDEN MONITORING WELL SHEET
BORING NO.:
~ OVERBURDE N
MONITORING WELL SHEET
DRILLER
PROJECT LOCATION DRILLING
PROJECT NO. BORING METHOD
ELEVATION DATE DEVELOPMENT
FIELD GEOLOGIST. METHOD
q - ELEVATION OF TOP OF SURFACE CASING :
- ELEVATION OF TOP OF RISER PIPE: e
- STICK - UP TOP Of SURFACE CASING: B —
GROUND l— STICK - UP RISER PIPE : —
ELEVATION o 2T e—1— TYPE OF SURFACE SEAL:
& ? &
»n
g Z — |.0. OF SURFACE CASING:
Z Z TYPE OF SURFACE CASING:
‘.
-
7/
; A — RISER PIPE I.D.
Z Z TYPE OF RISER PIPE:
0
; [, ¢—————— BOREHOLE DIAMETER:
Z z
7Z Z
Z Y — TYPE OF BACKFILL:
7
7
%
z ge———— ELEVATION/ DEPTH TOP OF SEAL: At
4—~————t— TYPE OF SEAL:
4———-— DEPTH TOP OF SAND PACK: —
— 5@ ELEVATION 7 DEPTH TOP OF SCREEN: -7
- . = TYPE OF SCREEN:
il SLOT SIZE x LENGTH:
- K 1.D. OF SCREEN:
ot —— TYPE OF SAND PACK:
: — ELEVATION / DEPTH BOTTOM OF SCREEN: ___/.._
| — ELEVATION 7 DEPTH BOTTOM OF SANDPACK: ./
YYPE OF BACKFILL BELOW OBSERVATION
WELL:
ELEVATION 7 OEPTH OF HOLE: -
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ATTACHMENT C-5A

EXAMPLE OVERBURDEN MONITORING WELL SHEET (FLUSHMOUNT)

BORING NO.:

MONITORING WELL SHEET

PROJECT

PROJECT NO.

ELEVATION

FIELD GEOLOGIST.

RILLER
LOCATION LG
BORING METHOD
DATE DEVELOPMENT
METHOD

Groung
; Elevotion ______

Fiush mount
surfioce cosing
with lock

.

T ELEVATION TOP OF RISER:

—TYPE OF SURFACE SEAL:

~=TYPE OF PROTECTIVE CASING:

L.D. OF PROTECTIVE CASING.

—DIAMETER OF HOLE:

—TYPE Of RISER PIPE:

RISER PIPE 1.D.:

=—TYPE OF BACKFILL/SEAL:

—~0EPTH/ELEVATION TOP OF SAND:

PR AR o P N
[PERRSRPIIE F S

M *? av e
_-l-.r.'a.."’;

s
. me 3

— hd®

os 3 A’ Wy

OEPTH/ELEVATION TOP OF SCREEN:
TYPE OF SCREEN:

SLOT SIZE x LENGTH:

- TYPE OF SAND PACK:

DIAMETER OF HOLE IN BEDROCK:

—DEPTH/ELEVATION BOTTOM OF SCREEN:
DEPTH /ELEVATION BOTTOM OF SAND:
=—DEPTH/ELEVATION BOTTOM OF HOLE:
BACKFILL MATERIAL BELOW SAND:

SV LS TO\IRO. VISR St




Subject - Number Paae
FIELD DOCUMENTATION SA-6.3 24 it .
- Revision Eftectve Date
0 03/01/96
ATTACHMENT C-6

EXAMPLE CONFINING LAYER MONITORING WELL SHEET

BORING NO.:
CONFINING LAYER
MONITORING WELL SHEET
DRILLER
PROJECT LOCATION DRILLING
PROJECT NO. BORING METHOD
ELEVATION DATE - DEVELOPMENT
FIELD GEOLOGIST. METHOD

3

GROUND
ELEVATION

\\\\‘\\\ir

\\

ALLLIILRBRY
ALTLLLTRARRRRR AR VRN

ALLLRLLR LR

ANVAALRANY AAANNNL e .

ALLLLLLLLLLALUARARARARA Y TWAVIMAN

R
1NN

8 CONFINING
B LAVER

RLLINN

AR

|

DR

ELEVATION OF TOP OF SURFACE CASING :
L ELEVATION OF TOP OF RISER PIPE:
L~ ELEVATION TOP OF PERM. CASING:
_ TYPEOF SURFACE SEAL:

——————
——————————
——————————

_ 1.D. OF SURFACE CASING:

TYPE OF SURFACE CASING:

— RISER PIPE I.D.

TYPE OF RISER PIPE:

- BOREMOLE DIAMETER:

— PERM. CASING I.D.

TYPE OF CASING & BACKFILL:

ELEVATION / DEPTH TOP CONFINING LAYER:
ELEVATION / DEPTH BOTTOM OF CASING:
ELEVATION 7 DEPTH BOT. CONFINING LAYER:

— TYPE OF BACKFILL:

I

— BOREHOLE DIA. BELOW CASING:

S — Y R
— ELEVATION/ DEPTH TOP OF SEAL:
TYPE OF SEAL:

— DEPTH TOP OF SAND PACK:

~ ELEVATION/DEPTH TOP OF SCREEN:
TYPE OF SCREEN:

||

TYPE OF SAND PACK:

L — ELEVATION/ DEPTH BOTTOM OF SCREEN:

TYPE OF BACKFILL BELOW OBSERVATION
WELL:

-~ £LEVATION / DEPTH BOTTOM OF SAND PACK:

@t g EVATION / DEPTH OF HOLE:

——————————
————————
——————————
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ATTACHMENT C-7

EXAMPLE BEDROCK MONITORING WELL SHEET - OPEN HOLE WELL

BORING NO.:
BEDROCK
MONITORING WELL SHEET
OPEN HOLE WELL

PROIECT LOCATION g::ttf:c

PROJECT NO. BORING METHOD

ELEVATION DATE DEVELOPMENT

FIELD GEOLOGIST METHOD

SURFACE:
GROUND
ELEVATION % &

I

—— TYPE OF SURFACE SEAL:

ELEVATION OF TOP OF CASING:

‘- STICK UP OF CASING ABOVE GROUND

———————————————t—
—————

1.D. OF CASING:

— TYPE OF CASING:

TEMP./ PERM.:

—DIAMETER OF HOLE:

—— TYPE OF CASING SEAL:

4= DEPTH TO TOP OF ROCK:
—— DEPTH TOBOTTOM CASING:

——————————
———————————

DIAMETER OF HOLE IN BEDROCK:
DESCRIBE IF CORE/ REAMED WITH BIT:

DESCRIBE JOINTS IN BEDROCK AND DEPTH:

ELEVATION / DEPTH OF HOLE:
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ATTACHMENT C-8

EXAMPLE BEDROCK MONITORING WELL SHEET - WELL INSTALLED IN BEDROCK

S

MONITORING WELL SHEET
WELL INSTALLED IN BEDROCK

BORING NO.:

BEDROCK

PROJECT LOCATION g::ttf:ﬁ
PROJECT NO. BORING METHOD
ELEVATION DATE DEVELOPMENT
FIELD GEOLOGIST. METHOD

GROUND
ELEVATION

A

b0
g »

N\

AT R

v,

N

ne

\—h — ELEVATION TOP OF RISER:

1

\

STICK UP OF CASING ABOVE GROUND
SURFACE:

—— TYPE OF SURFACE SEAL:

ELEVATION OF TOP OF SURFACE CASING:

i

— |.0. OF SURFACE CASING:

~— DIAMETER OF HOLE:

= RISER PIPE |.D.:

TYPE OF RISER PIPE:

— TYPE OF BACKFILL:

t—=— ELEVATION/DEPTH TOP OF SEAL:
l¢— ELEVATION/ DEPTH TOP OF BEDROCK:

— TYPE OF SEAL:

—— ELEVATION/DEPTH TOP OF SAND:
—— ELEVATION /7 DEPTH TOP OF SCREEN:
TYPE OF SCREEN:

SLOT SIZE x LENGTH:

1.D. SCREEN:

—— TYPE QF SAND PACK:

—— DIAMETER OF HOLE IN BEDROCK:
CORE / REAM:

—— ELEVATION/OEPTH BOTTOM SCREEN:

ELEVATION / DEPTH BOTTOM OF HOLE:

Bruun £ Ront Envimamental
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ATTACHMENT C-8A
EXAMPLE BEDROCK MONITORING WELL SHEET
WELL INSTALLED IN BEDROCK (FLUSHMOUNT)
BORING NO.:
BEDROCK
@ MONITORING WELL SHEET
) WELL INSTALLED IN BEDROCK
PROJECT: LOCATION: DRILLER:
PRO\\,JECT rfo.: BORING: DRILLING
ELEVATION: DATE: DEVELOPMENT
FIELD GEOLOGIST: METHOO:
Ground A
:—E"""“"‘——— [~ ELEVATION TOP OF RISER: _
—TYPE OF SURFACE SEAL:
Flush mount
surfoce casing —TYPE OF PROTECTIVE CASING:
with lock 1.0. OF PROTECTIVE CASING:
—OIAMETER OF MOLE:
TYPE OF RISER PIPE:
RISER PIPE LD.:
TYPE OF BACKFILL/SEAL:
DEPTH/ELEVATION TOP OF BEDROCK: P A
Top of Rock
e [ DEPTH/ELEVATION TOP OF SAND: —_—
Sest7EeveTe—|£] [T
Static Woter Level [« B %
(Approx.) -] B
: =T DEPTH/ELEVATION TOP OF SCREEN: —_——
=t TYPE OF SCREEN:
=] SLOT SIZE x LENGTH:
.:.' E 1‘% |
';5 ﬂ TYPE OF SAND PACK:
A=l ODIAMETER OF HOLE IN BEDROCK:
A=F] —DEPTH/ELEVATION BOTTOM OF SCREEN: —_———
2 PVC Trop s . OEPTH/ELEVATION BOTTOM OF SAND: R J
Below Screen Crly [—DEPTH/ELEVATION BOTTOM OF HOLE: —_—
BACKFILL MATERIAL BELOW SAND:_______________
ACAL: LOTO\ERCL. RISV
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ATTACHMENT C-9
EXAMPLE TEST PIT LOG
{7EST PIT LOG Brown & n?w
PROJECT: TEST PIT NO.:
PROJECT NO DATE:
LOCATION:
FIELD GECLOGET:
MATERIAL DESCRIPTION
. REMARKS
ooV | Cames (Soil Density / Consistency, Color)
) L oeeman vses
Terr Pt Crons SeCHOn and / oF Pan Views
REMARKS
PHOTO LOG : TESTPIT
PAGE OF

i & Pans Endennmantal



EQUIPMENT CALIBRATION LOG
INSTRUMENT NAME / MODEL ; JOB NAME :
MANUFACTURER : JOB NUMBER :
CALIBRATION NITIAL STANDARDS PROCEDURE ADJUSTMENTS FINAL SIONATURE COMMENTS
USED

D07 NOLLYHSEITVI INIWNGIND3 I1dNVX3E
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ATTACHMENT E
EXAMPLE DAILY ACTIVITIES RECORD
JIDAILY ACTIVITIES RECORD Brown & Root Environmental
PROJECT - — LGCATION
JCLIENT - ARRIVALTIME _____ JOBNO.
DATE DEPARTURE TIME
{CONTRACTOR DRILLER
[BORING NO: HNUS REPRESENTATIVE
PREVIOUS| CUMULATIVE
ITEM QUANTITY| QUANTITY] TOTAL | QUANTITY
ESTIMATE| TODAY |QUANTITY| TO DATE
COMMENTS:
APPROVED BY: |
HNUS FIELD REPRESENTATIVE DRILLER OR REPRESENTATIVE ~

niaR11/p

Brown & Root Environmental



Subject Number Page
FIELD DOCUMENTATION SA6.3 31 of 32
Revision Effective Date
0 03/01/96
ATTACHMENT F
FIELD TRIP SUMMARY REPORT
PAGE 1 OF 2
SUNDAY
Date: Personnel:
Weather: Onsite:
_Site Activities:
MONDAY
Date: Personnel:
Weather: Onsite:
Site Activities:
JUESDAY
Date: Personnel:
Weather: Onsite:
Site Activities:
WEDNESDAY
Date: - Personnel:
Weather: Onsite:

Site Activities:




Subject

FIELD DOCUMENTATION

Page

SA6.3 32 of 32

Revision

Eftective Date
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ATTACHMENT F
PAGE 2 OF 2
FIELD TRIP SUMMARY REPORT

THURSDAY

Date:

Weather:

Site Activities:

Personnel:
Onsite:

Site Activities:

Personnel:
Onsite:

SATURDAY

Date:

Weather:

Site Activities:

Personnel:
Onsite:

Brown & Root Environmental
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1.0 PURPOSE

The purpose of this procedure is to provide guidelines regarding the appropriate procedures to be
followed when decontaminating drilling equipment, monitoring well materials, chemical sampling
equipment and field analytical equipment.

2.0 SCOPE

This procedure addresses drilling equipment and monitoring well materials decontamination, as well as
chemicat sampling and field analytical equipment decontamination. This procedure also provides general
reference information on the control of contaminated materials.

3.0 GLOSSARY

Acid - For decontamination of equipment when sampling for trace leveis of inorganics, a 10% solution
of nitric acid in deionized water should be used. Due to the leaching ability of nitric acid. it should not
be used on stainless steel.

Alconox/Liguinox - A brand of phosphate-free laboratory-grade detergent.

Delonized Water - Deionized (analyte free) water is tap water that has been treated by passing through
a standard deionizing resin column. Deionized water should contain no detectable heavy metals or other
inorganic compounds at or above the analytical detection limits for the project.

Potable Water - Tap water used from any municipal water treatment system. Use of an untreated
potable water supply is not an acceptable substitute for tap water.

Solvent - The solvent of choice is pesticide-grade Isopropanol. Use of other solvents (methanol,
acetone, pesticide-grade hexane, or petroleum ether) may be required for particular projects or for a
particular purpose (e.g. for the removal of concentrated waste) and must be justified in the project
planning documents. As an example, it may be necessary to use hexane when analyzing for trace levels
of pesticides, PCBs, or fuels. in addition, because many of these solvents are not miscible in water, the
equipment should be air dried prior to use. Solvents should not be used on PVC equipment or weil
construction materials.

4.0 RESPONSIBILITIES

Project Manager - Responsible for ensuring that all field activities are conducted in accordance with
approved project plan(s) requirements.

Field Operstions Leader (FOL) - Responsible for the onsite verification that all field activities are
performed in compliance with approved Standards Operating Procedures or as otherwise dictated by
the approved project plan(s).

5.0 PROCEDURES

To ensure that analytical chemical resuits reflect actual contaminant concentrations present at sampling
locations, the various drilling equipment and chemical sampling and analytical equipment used to acquire
the environment sample must be properly decontaminated. Decontamination minimizes the potential for
cross-contamination between sampling locations, and the transfer of contamination off site.

019611/P
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5.1 Drilling Equipment

Prior to the initiation of a drilling program, all drilling equipment involved in field sampling activities shall
be decontaminated by steam cleaning at a predetermined area. The steam cleaning procedure shall be
performed using a high-pressure spray of heated potable water producing a pressurized stream of steam.
This steam shall be sprayed diréctly onto all surfaces of the various equipment which might contact
environmental samples. The decontamination procedure shall be performed until all equipment is free
of all visible potential contamination (dirt. grease, oil, noticeable odors, etc.) In addition, this
decontamination procedure shall be performed at the completion of each sampling and/or drilling
location, including soil borings, installation of monitoring wells, test pits, etc. Such equipment shall
include drilling rigs, backhoes, downhoie tools. augers, well casings, and screens. Where the drilling rig
is set to perform muitiple borings at a single area of concern, the steam-cleaning of the drilling rig itseif
may be waived with proper approval. Downhole equipment, however, must always be steam-cleaned
between borings. Where PVC well casings are to be installed, decontamination is not required if the
manufacturer provides these casings in factory-sealed, protective, plastic sleeves (so long as the
protective packaging is not compromised until immediately before use).

The steam cleaning area shall be designed to contain decontamination wastes and waste waters and can
be a lined excavated pit or a bermed concrete or asphalt pad. For the latter, a floor drain must be
provided which is connected to a holding facility. A shallow above-ground tank may be used or a
pumping system with discharge to a waste tank may be installed.

In certain cases such an elaborate decontamination pad is not possible. In such cases, a plastic lined
gravel bed pad with a coliection system may serve as an adequate decontamination area. Alternately,
a lined sloped pad with a collection pump instalied at the lower end may be permissible. The location
of the steam cleaning area shall be onsite in order to minimize potential impacts at certain sites.

Guidance to be used when decontaminating drilling equipment shall include:

® As a general rule, any part of the drilling rig which extends over the borehole, shall be
steam cieaned.

° All drilling rods, augers, and any other equipment which will be introduced to the hole shall |
be steam cieaned.

° The drilling rig, all rods and augers, and any other potentially contaminated equipment shall
be decontaminated between each well location to prevent cross contamination of potential
hazardous substances.

Prior to leaving at the end of each work day and/or at the completion of the drilling program, drilling rigs
and transport vehicles used onsite for personnel or equipment transfer shall be steam cleaned, as
practicable. A drilling rig left at the drilling location does not need to be steam cleaned until it is finished

drilting at that location.
52 Sampli uipment

5.2.1 Ballers and Bailing Line

The potential for cross-contamination between sampling points through the use of a common baller or
its attached line is high unless strict procedures for decontamination are followed. For this reason, It is
prefgrable to dedicate an individual bailer and Its line to each sample point, although this does not
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eliminate the need for decontamination of dedicated bailers. For non-dedicated sampling equipment,
the following conditions and/or decontamination procedures must be followed.

Before the initial sampling and after each successive sampling point, the bailer must be decontaminated.
The following steps are to be performed when sampling for organic contaminants. Note: contract-
specific requirements may permit alternative procedures.

Potable water rinse

Alconox or Liquinox detergent wash

Scrubbing of the line and bailer with a scrub brush (may be required if the sample point is
heavily contaminated with heavy or extremely viscous compounds)
Potable water rinse '

Rinse with 10 percent nitric acid solution”

Delonized water rinse

Pesticide-grade isopropanol (.gnless otherwise required)
Pesticide-grade hexane rinse

Copious distilled /Deionized water rinse

Alr dry

If sampling for volatile organic compounds (VOCs) only, the nitric acid, isopropanol, and hexane rinses
may be omitted. Only reagent grade or purer soivents are to be used for decontamination. When
solvents are used, the bailer must be thoroughly dry before using to acquire the next sample.

In general, specially purchased pre-cleaned disposable sampling equipment is not decontaminated (nor
is an equipment rinsate biank collected) so long as the supplier has provided certification of cleanliness.
If decontamination is performed on several bailers at once (i.e., in batches), ballers not immediately used
may be completely wrapped in aluminum foil (shiny-side toward equipment) and stored for future use.
When batch decontamination is performed, one equipment rinsate is generally collected from one of the
bailers belonging to the batch before it is used for sampling.

It is recommended that clean, dedicated braided nylon or polypropylene line be empioyed with each
baiier use.

5.2.2 Sampling Pumps

Most sampling pumps are low volume (less than 2 gpm) pumps. These include peristaltic. diaphragm,
air-ift, pitcher and bladder pumps, to name a few. If these pumps are used for sampling from more than
one sampling point, they must be decontaminated prior to initial use and after each use.

The procedures to be used for decontamination of sampling pumps compare to those used for a baller
except that the 10 percent nitric acid solution is omitted. Each of the liquid factions is to be pumped
through the system. The amount of pumping is dependent upon the size of the pump and the length
of the intake and discharge hoses. Certain types of pumps are unacceptabie for sampling purposes.
For peristaltic pumps, the tubing is replaced rather than cleaned.

Due to the leaching ability of nitric acid on stainless steel, this step is to be omitted if a stainless
steel sampling device is being used and metals analysis is required with detection limits less than
approximately 50 ppb.

" if sampling for pesticides, PCBSs, or fuels.

Brrun L Bnet Ervirnnenantal
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An additional problem is introduced when the pump relies on absorption of water via an inlet or outlet
hose. For organic sampling, this hose should be Tefion. Other types of hoses leach craanics tespecially
phthalate esters) into the water being sampled or adsorb organics from the sampled water. or ali other
sampling, the hose should be Viton, polyethylene. or polyvinyl chioride (listed in order of preference).

Whenever possible, dedicated hoses should be used. it is preferable that these types of pumps not be
used for sampling, only for purging.

5.2.3 Filtering Equipment

On occasion, the sampling plan may require acquisition of filtered groundwater samples. Field-filtering
is addressed in SOP SA-6.1 and should be conducted as soon after sample acquisition as possible. To
this end, three basic filtration systems are most commonly used: the in-ine disposable Teflon fiiter, the
inert gas over-pressure filtration system, and the vacuum filtration system.

For the in-ine filter, decontamination is not required since the filter cartridge is disposable, however, the
cartridge must be disposed of in an approved receptacle and the intake and discharge lines must still
be decontaminated or replaced before each use.

For the over-pressure and the vacuum filtration systems, the portions of the apparatus which come in
contact with the sample must be decontaminated as outlined in the paragraphs describing the
decontamination of bailers. (Note: Varieties of both of these systems come equipped from the
manufacturer with Teflon-lined surfaces for those that would come into contact with the sample. These
fitration systems are preferred when decontamination procedures must be empioyed.)

5.2.4 Other Sampling Equipment

Field tools such as trowels and mixing bowis are to be decontaminated in the same manner as described
above.

5.3 Fleld Anaivtical Equipment
5.3.1 Water Level indicators

Water level indicators that come into contact with groundwater must be decontaminated using the
following steps:

Rinse with potable water
Rinse with deionized water

Pesticide-grade isopropanol (unless otherwise directed by manufacturer)
Rinse with deionized water

Water level indicators that do not come in contact with the groundwater but may encounter incidental
contact during installation or retrieval need only undergo the first and last steps stated above.

8.3.2 Probes

Probes (e.g., pH or specific-lon electrodes, geophysical probes, or thermometers) which would come
in direct contact with the sample, will be decontaminated using the procedures specified above uniess
manufacturer's instructions indicate otherwise (e.g., dissolved oxygen probes). Probes that contact a
volume of groundwater not used for laboratory analyses can be rinsed with delonized water. For probes
which make no direct contact, (e.g., OVA equipment) the probe is self-cleaning when exposure to
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uncontaminated air is allowed and the housing can be wiped clean with paper-towels or cloth wetted with
alcohol. ’

54 Waste Handling

For the purposes of these procedures, contaminated materiais are defined as any byproducts of field
activities that are suspected or known to be contaminated with hazardous substances. These byproducts
include such materials as decontamination solutions. disposabie equipment, drilling muds, weil-
development fluids, and spill-contaminated materials and Personal Protection Equipment (PPE).

The procedures for obtaining permits for investigations of sites containing hazardous substances are not
clearly defined at present. In the absence of a clear directive to the contrary by the EPA and the states,
it must be assumed that hazardous wastes generated during field activities will require compliance with
Federal agency requirements for generation, storage, transportation, or disposal. In addition, there may
be state requiations that govern the disposal action. This procedure exclusively describes the technical
methods used to control contaminated materials.

The plan documents for site activities must include a description of control procedures for contaminated
materials. This planning strategy must assess the type of contamination, estimate the amounts that
would be produced, describe containment equipment and procedures, and delineate storage or disposal
methods. As a general policy, it is wise to select investigation methods that minimize the generation of
contaminated spoils. Handling and disposing of potentially hazardous materials can be dangerous and
expensive. Until sample analysis is complete, it is assumed that all produced materials are suspected
of contamination from hazardous chemicals and require containment.

55 Sources of Contaminated Materials and Containment Methods

§.5.1 Decontamination Solutions

All waste decontamination solutions and rinses must be assumed to contain the hazardous chemicals
associated with the site uniess there are analytical or other data to the contrary. The waste solution
volumes could vary from a few gallons to several hundred gallons in cases where large equipment
required cleaning.

Containerized waste rinse solutions are best stored in 55-gallon drums (or equivalent containers) that can
be sealed until ultimate disposal at an approved facility. Larger equipment such as backhoes and
tractors must be decontaminated in an area provided with an impermeabile liner and a liquid collection
system. A decontamination area for large equipment could consist of a bermed concrete pad with a
floor drain leading to a buried holding tank.

5.8.2 Disposabile Equipment

Disposabie equipment that could become contaminated during use typically includes PPE, rubber gloves,
boots, broken sample containers, and cleaning-wipes. These items are small and can easlly be
contained in 55-gallon drums with lids. These containers should be closed at the end of each work day
and upon project completion to provide secure containment until disposed.

58.3 Drilling Muds and Well-Development Fluids

Drilling muds and wdi-devdopmemﬂuldsmmateﬂalsttutmybedsedh groundwater monitoring well
instaliations. Their proper use could result in the surface accumuiation of contaminated liquids and muds

Arown & Root Environmental
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that require containment. The volumes of drilling muds and well-development fluids used depend on well
diameter and depth, groundwater characteristics, and geologic formations. There are no simple
mathematical formuias available for accurately predicting these volumes. It Is best to rely on the
experience of reputable well drillers familiar with local conditions and the well installation techniques
selected. These individuals should be able to estimate the sizes (or number) of containment structures
required. Since guesswork is involved, it is recommended that an slight excess of the estimated amount
of containers required will be available.

Drilling muds are mixed and stored in what is commonty referred to as a mud pit. This mud pit consists

ofa suctlon section from which drifling mud is withdrawn and pumped through hoses. down the drill pipe
to the bit, and back up the hole to the settling section of the mud pit. In the settling section, the mud's

velocity is reduced by a screen and several flow-restriction devices. thereby allowing the weil cuttings
to settle out of the mud /fluid.

The mud pit may be either portable above-ground tanks commonly made of steel (which is preferred)
or stationary in-ground pits as depicted in Attachment A. The above-ground tanks have a major
advantage over the in-ground pits because the above-ground tanks isolate the natural soils from the

contaminated fiuids within the drilling system. These tanks are also portable and can usually be cleaned
easily.

As the well is drilled, the cuttings that accumulate in the settling section must be removed. This is best
done by shoveling them into drums or other similar containers. When the drilling is complete, the
contents of the above-ground tank are likewise shoveled or pumped into drums, and the tank is cleaned
and made available for its next use.

if inground pits are used, they should not extend into the natural water table. They should aiso be lined
with a bentonite-cement miaure followed by a layer of fiexible impermeable material such as plastic
sheeting. Of course, to maintain its impermeable seal, the lining material used would have to be
nonreactive with the wastes. An advantage of the in-ground pits is that well cuttings do not necessarily
have to be removed periodically during drilling because the pit can be made deep enough to contain
them. Depending on site conditions, the in-ground pit may have to be totally excavated and refilled with
uncontaminated natural soils when the drilling operation is complete.

When the above-ground tank or the in-ground pit is used, a reserve tank or pit should be located at the
site as a backup system for leaks, spills, and overflows. In either case, surface drainage should be such
that any excess fluid could be controlled within the immediate area of the drill site.

The containment procedure for well-development fluids is simiiar to that for drilling muds. The volume
and weight of contaminated fluid will be determined by the method used for development. When a new
well is pumped or bailed to produce clear water, substantially less volume and weight of fluld resuit than
when backwashing or high-velocity jetting is used.

5854 Spill-Contaminated Materiais

A spill Is always possible when containers of liquids are opened or moved. Contaminated sorbents and
solis resuiting from spills must be contained. Small quantities of spill-contaminated materials are usually
best contained in drums, while larger quantities can be placed in lined pits or in other impermeable
structures. in some cases, onsite containment may not be feasible and immediate transport to an
approved disposal site will be required.
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5.6 Disposal of Contaminated Materiais

Actual disposal techniques for contaminated materials are the same as those for any hazardous
substance, that is, incineration, landfilling, treatment, and so on. The problem centers around the
assignment of responsibility for disposal. The responsibility must be determined and agreed upon by
all involved parties before the field work starts. 1f the site owner or manager was involved in activities
that precipitated the investigation, it seems reasonable to encourage his acceptance ot the disposal
obligation. In instances where a responsible party cannot be identified, this responstbility may fall on the
public agency or private organization investigating the site.

Another consideration in selecting disposal methods for contaminated materials is whether the disposal
can be incorporated into subsequent site cleanup activities. For example, if construction of a suitable
onsite disposal structure is expected, contaminated materials gensrated during the investigation should
be stored at the site for disposal with other site materials. in this case, the initial containment structures
should be evaluated for use as long-term storage structures. Also, other site conditions such as drainage
control, security, and soil type must be considered so that proper storage is provided. If onsite storage
is expected, then the containment structures should be specifically designed for that purpose.

6.0 REFERENCES

Brown & Root Environmental: Standard Operating Procedure No. 4.33, Control of Contaminated
Material.

Brown & Root Environmental
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ATTACHMENT A

TWO TYPES OF MUD PITS USED IN WELL DRILLING
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1.0 PURPOSE

The purpose of this procedure is to provide reference information regarding the proper methods for
evaluating existing monitoring wells, and determining water ievel measurements.

2.0 SCOPE

The procedures described herein are applicable to all existing monitoring wells and, for the most par,
are independent of construction materials and methods.

3.0 GLOSSARY
Hydraulic Head - The height to which water will rise in a well.

Water Table - A surface in an unconfined aquifer where groundwater pressure is equal to atmospheric
pressure (i.e., the pressure head is zero). .

4.0 RESPONSIBILITIES

Site Geologist/Hydrogeologist - Has overall responsibility for obtaining water level measurements and
developing groundwater contour maps. The site geologist/hydrogeologist (in concurrence with the
Project Manager) shall specify the reference point from which water levels are measured (usually a
specific point on the upper edge of the inner well casing), the number of data points needed and which
wells shall be used for a contour map, and how many complete sets of water levels are required to
adequately define groundwater fiow directions (e.g., if there are seasonal variations).

Field Personnel - Must have a basic familiarity with the equipment and procedures involved in obtaining
water levels, and must be aware of any project-specific requirements.

5.0 PROCEDURES

Accurate, valid and useful groundwater monitoring requires that four important conditions be met:
° Proper characterization of site hydrogeology.

° Proper design of the groundwater monitoring program, including adequate numbers of wells
installed at appropriate locations and depths.

° Satisfactory methods of groundwater sampling and analysis to meet the data quality
objectives (DQOs).

. The assurance that specific monitoring well samples are representative of water quality
conditions in the monitored interval.

To insure that these conditions are met, adequate descriptions of subsurface geology, well construction
methods and well testing resuits must be available. The following steps will help to insure that the

required data are available to permit an evaluation of the utility of existing monitoring wells for collecting
additional samples.

nN10R11/P Brown & Root Environmental
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5.1 Preliminary Evaluation

A necessary first step in evaluating existing monitoring well data is the study and review of the original
work plan for monitoring well installation (if available). This helps to familiarize the site
geologist/hydrogeologist with site-specific conditions, and will promote an understanding of the original
purpose of the monitoring wells.

The next step of the evaluation should invoive a review of all available information conceming borehole
drilling and well construction. This will allow interpretation of groundwater flow conditions and area
geology, and will help to establish consistency between hydraulic properties of the well and physical

features of the well or formation. The physical features which should be identified and detailed, if
available, include:

5.2

The well identification number, permit number and location by referenced coordinates, the
distance from prominent site features, or the location of the well on a map.

The installation dates, drilling methods, weil development methods, and contractors.

The depth to bedrock — where rock cores were not taken, auger refusal, drive casing
refusal or penetration test resuits (blow counts for split-barrel sampling) may be used to
estimate bedrock interface.

The soil profile and stratigraphy.

The borehole depth and diameter.

The elevation of the top of the protective casing, the top of the well riser, and the ground
surface.

The total depth of the well.

The type of well materials. screen type, slot size, and length, and the elevation/depths of
the screen, intervai, and/or monitored interval.

The elevation/depths of the tops and bottom of the filter pack and well seals and the type
and size.

Field Inspection

During the onsite inspection of existing monitoring wells, features to be noted include:

The condition of the protective casing, cap and lock.

The condition of the cement seal surrounding the protective casing.
The presence of depressions or standing water around the casing.
The presence of any electrical-cable and its connecﬂoné.

If the protective casing, cap and lock have been damaged or the cement collar appears deteriorated, or
It there are any depressions around the well casing capable of holding water, surface water may have

MAIARe e ID




Subject

- we

Number Page
EVALUATION OF EXISTING GH-1.2 date
MONITORING WELLS AND W@TER Revision Eftective Date
LEVEL MEASUREMENT 0 03701 /05

infiltrated into the well. This may invalidate previous sampling resuits since the time when leakage started
is unknown.

The routine physical inspection must be foliowed by a more detailed investigation to identify other
potential routes of contamination or sampling equipment malfunction. Any of these occurrences may
invalidate previously-collected water quality data. If the monitoring well is to be used in the future,
considerations shown in the steps described above should be rectified to rehabilitate the well. After
disconnecting any wires, cables or electrical sources. remove the lock and open the cap. Check for the
presence of organic vapors with a photoionization detector (PID) or flame-ionization detector (FID) and

combustible gas meter to determine the appropriate worker safety ievel. The following information
should be noted: '

® Cap function.

° Physical characteristics and composition of the inner casing or riser, including inner
diameter and annular space.

L Presence of grout between the riser and outer protective casing and the existence of drain
holes in the protective casing.

° Presence of a riser cap, method of attachment to casing, and venting of the riser.

° Presence of dedicated sampling equipment; if possible, remove such equipment and
inspect size, materials of construction and condition.

The final step of the field inspection is to confirm previous hydraulic or physical property data and to
obtain data not previously available. This includes the determination of static water ievels, total well
depth and well obstruction. This may be accomplished using a weighted tape measure which can also
be used to check for sediment (the weight will advance slowly if sediment is present, and the presence

of sediment on the weight upon removal should be noted). !f sediment is present, the well be should
be redeveloped before sampling.

Lastly, as a final step, the location, condition and expected water quality of the wells should be reviewed
in light of their usefuiness for the intended purpose of the investigation.

8.3 Water Level (Hydraulic Head) Measurements
5.3.1 General

Groundwater level measurements can be made in monitoring welis, private or public water wells,
piezometers, open boreholes, or test pits (after stabilization). Groundwater measurements shouid
generally not be made in boreholes with drilling rods or auger flights present. If groundwater sampling

activities are to occur, groundwater level measurements shall take place prior to well evacuation or
sampling.

All groundwater level measurements shall be made to the nearest 0.01 foot, and recorded in the site
geologist/hydrogeologist's field notebook or on the Groundwater Levei Measurement Sheet
(Attachment A), along with the date and time of the reading. The total depth of the well shall be
measured and recorded, if not already known. Weather changes that occur over the period of time

during which water levels are being taken, such as precipitation and barometric pressure changes,
shouid be noted.

Asnmaa i
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In measuring groundwater levels, there shall be a ciearly-established reference point of known elevation,
which is normally identified by a mark on the upper edge of the inner weil casing. The reference point
shall be noted in the field notebook. To be useful, the reference point should be tied in with an

established USGS benchmark or other properly surveyed elevation datum. An arbitrary datum couid be
used for an isolated group of wells, if necessary.

Cascading water within a borehole or steel well casings can cause faise readings with some types of
sounding devices (chalked line, electrical). Oil layers may also cause probiems in determining the true
water level in a well. Special devices (interface probes) are available for measuring the thickness of oil
layers and true depth to groundwater, if required.

Water level readings shall be taken regularly, as required by the site geologist/hydrogeologist.
Monitoring wells or open-cased boreholes that are subject to tidal fluctuations should be read in
conjunction with a tidal chart (or preferably in conjunction with readings of a tide staff or tide level
recorder installed in the adjacent water body); the frequency of such readings shall be established by
the site hydrogeologist. All water ievel measurements at a site used to develop a groundwater contour

map shall be made in the shortest practical time to minimize affects due weather changes, and at feast
during the same day.

5.3.2 Water Level Measuring Techniques

There are several methods for determining standing or changing water ievels in boreholes and monitoring
wells. Certain methods have particular advantages and disadvantages depending upon well conditions.
A general description of these methods is presented, along with a listing of various advantages and
disadvantages of each technique. An effective technique shall be selected for the patticular site
conditions by the site geologist/hydrogeologist.

In most instances, preparation of accurate potentiometric surface maps require that static water level
measurements be obtained to a precision of 0.01 feet. To obtain such measurements in individual
accessible wells, chalked tape or electrical water level indicator methods have been found best, and thus
are the most often utilized. Other, less precise methods, such as the popper or bell sound, or bailer line
methods, may be appropriate for developing preliminary estimates of hydraulic conditions. When a large

number of (or continuous) readings are required, time-consuming individual readings are not usually '

feasible. In such cases, it is best to use the fioat recorder or pressure transducer methods. When
conditions in the well limit readings (i.e., turbulence in the water surface or limited access through small
diameter tubing), less precise, but appropriate methods such as the air line or capillary tubing methods
can be used (see subsequent SOP section for discussion of these devices).

53.3 Methods

Water leveis can be measured by several different techniques, but the same steps shall be followed in
each case. The proper sequence is as follows:

1. Check operation of recording equipment above ground. Prior to opening the well, don
personal protective equipment, as required.

2, Record all information specified below in the geologist/hydrogeologist’s field notebook or
on the Groundwater Level Measurement Sheet (Attachment A):

®-  Waell number.

P
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] Water level (to the nearest 0.01 foot; 0.3 cm). Water levels sha}l be taken from the
" surveyed reference mark on the top edge of the inner well casing.

° Time and day of the measurement.

Water level measuring devices with permanently marked intervals shall be used when possible. If water
level measuring devices marked by metal or plastic bands ciamped at intervals along the measuring line
are used, the spacing and accuracy of these bands shall be checked frequently as they may loosen and
slide up or down the line, resulting in inaccurate reference points.

EfaaA Watar | auval Maasirinm MNawi
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Chalked Steel Tape

The water ievel is measured by chalking a weighted steel tape and iowering it a known distance (to any
convenient whole foot mark) into the well or borehole. The water level is determined by subtracting the
wetted chalked mark from the total length lowered into the hole.

The tape shall be withdrawn quickly from the well because water has a tendency to rise up the chalk due
to capillary action. A water finding paste may be used in place of chalk. The paste is spread on the tape
' the same way as the chalk, and turns red upon contacting water.

Disadvantages to this method include the following: depths are limited by the inconvenience of using
heavier weights to properly tension longer tape lengths; ineffective if borehole/well wall is wet or inflow
is occurring above the static water level; chalking the tape is time-consuming; difficult to use during
periods of precipitation.

Electric Water Level indicators

These devices consist of a spool of small-diameter cable and a weighted probe attached to the end.
When the probe comes in contact with the water, an electrical circuit is closed and a meter, light, and/or
buzzer attached to the spool will signal the contact.

There are a number of commercial electric sounders available. none of which is entirely reliable under
all conditions likely to occur in a contaminated monitoring well. In conditions where there is ol on the
water, groundwater with high specific conductance, water cascading into the well, steel well casing, or
a turbulent water surface in the well, measuring with an electric sounder may be difficuit.

For accurate readings, the probe shall be lowered slowly into the well. The electric tape is marked at
the measuring point where contact with the water surface was indicated. The distance from the mark
to the nearest tape band is measured using an engineer's folding ruler or steel tape, and added to the
band reading to obtain the depth to water. If the band is not a permanent marking band, spacing shall
be checked periodically as described in Section 5.3.6.

Popper or Bell Sodndor

A bell- or cup-shaped weight that is hollow on the bottom is attached to a measuring tape and lowered
into the well. A “plopping" or "popping" sound is made when the weight strikes the surface of the water.
An accurate reading can be determined by lifting and lowering the weight in short strokes, and reading
the tape when the weight strikes the water. This method is not sufficiently accurate to obtain water levels
to 0.01 feet, and thus is more appropriate for obtaining only approximate water levels quickly.

Brown & Root Environmentsl
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Float Recorder

A float or an electromechanically actuated water-seeking probe may be used to detect vertical changes
of the water surface in the hole. A paper-covered recording chart drum is rotated by the up and down
motion of the float via a pulley and reduction gear mechanism, while a clock drive moves a recording
pen horizontally across the chart. To ensure continuous records, the recorder shall be inspected,
maintained, and adjusted periodically. This type of device is useful for continuously measuring periodic
water level fluctuations, such as tidal filuctuations or influences of pumping wells.

Air Line

An air line is especially useful in pumped wells where water turbulence may preciude the use of other
devices. A smali-diameter weighted tube of known length is installed from the surface to a depth below
the lowest water level expected. Compressed air (from a compressor, bottied air, or air pump) is used
to purge the water from the tube, until air begins to escape the lower end of the tube, and is seen (or
heard) to be bubbling up through the water in the well. The pressure needed to purge the water from
the air line multiplied by 2.307 (feet of water for 1 psi) equals the length in feet of submerged air line.
The depth to water below the center of the pressure gauge can be calculated by subtracting the iength
of air line below the water surface from the total length of the air line.

The disadvantages to this method include the need for an air supply and lower level of accuracy (unless

a very accurate air pressure gauge is used, this method cannot be used to obtain water level readings
to the nearest 0.01 ).

Capillary Tubing

In small diameter piezometer tubing, water levels are determined by using a capillary tube. Colored or
clear water is placed in a small "U"-shaped loop in one end of the tube (the rest of the tube contains air).
The other end of the capillary tube is lowered down the piezometer tubing until the water in the loop
moves, indicating that the water level has been reached. The point is then measured from the bottom
of the capillary tube or recorded if the capillary tube is calibrated. This is the best method for very small
diameter tubing monitoring systems such as Barcad and other muitilevel systems. Unless the capillary
tube is calibrated, two people may be required to measure the length of capillary tubing used to reach
the groundwater. Since the piezometer tubing and capillary tubing usually are somewhat coiled when
installed, it is difficult to accurately measure absolute water level elevations using this method. However,

the method is useful in accurately measuring differences or changes in water levels (i.e., during pumping
tests).

Pressure Transducer

Pressure transducers can be lowered into a well or borehole to measure the pressure of water and
therefore the water elevation above the transducer. The transducer is wired into a recorder at the surface
to record changes in water level with time. The recorder digitizes the information and can provide a
printout or transfer the information to a computer for evaluation (using a well drawdown/recovery model).
The pressure transducer should be initially calibrated with another water level measurement technique
to ensure accuracy. This technique is very useful for hydraulic conductivity testing in highly permeable
material where repeated, accurate water level measurements are required in a very short period of time.
A sensitive transducer element is required to measure water levels to 0.01 foot accuracy.




Subject

’ Number Face
EVALUATION OF EXISTING GH-1.2 gof9
MONITORING WELLS AND WATER Revision Etfective Dats
LEVEL MEASUREMENT . 0 03/01/96

Borehole Geophysics

Approximate water levels can be determined during geophysical logging of the borehole (although this
is not the primary purpose for geophysical logging and such logging is not cost effective if used only for
this purpose). Several logging techniques will indicate water level. Commoniy-used iogs which will
indicate saturated/unsaturated conditions incitide the spontaneous potential (SP) log and the neutron
log. , »

5.3.5 Data Récording

Water level measurements, time, data, and weather conditions shall be recorded in the
geologist/hydrogeologist's field notebook or on the Groundwater Level Measurement Sheet. All water
level measurements shall be measured from a known reference point. The reference point is generally
a marked point on the upper edge of the inner well casing that has been surveyed for an elevation. The
exact reference point shall be marked with permanent ink on the casing since the top of the casing may
not be entirely level. It is important to note changes in weather conditions because changes in the
barometric pressure may affect the water level within the well.

5.3.6 Specific Quality Control Procedures for Water Level Measuring Devices

All groundwater level measurement devices must be cleaned before and after each use to prevent cross
contamination of wells. Manufacturer's instructions for cleaning the device shall be strictly followed.
Some devices used to measure groundwater leveis may need to be calibrated. These devices shall be
calibrated to 0.01 foot accuracy and any adjustments/corrections shall be recorded in the field
logbook/notebook. After the corrections/adjustments are made to the measuring device and entered
in the field logbook/notebook, the corrected readings shall be entered onto the Groundwater Level
Measurement Sheet (Attachment A). Elevations will be entered on the sheet when they become

. available.

5.4 ' Heaith and Safety Considerations

Groundwater contaminated by volatile organic compounds may release toxic vapors into the air space
inside the well pipe. The release of this air when the well is initially opened is a heaith/safety hazard
which must be considered. Initial monitoring of the well headspace and breathing zone concentrations

using a PID (e.g., HNu) or FID (e.g., OVA) and combustible gas meters shall be performed to determine
required leveis of protection.

6.0 RECORDS

A record of all field procedures, tests and observations must be recorded in the site logbook or
designated field notebook. Entries in the log/notebook should inciude the individuals participating in the

field effort, and the date and time. Theuseofannotatadsketehesmayhelptosupplemmme
evaluation. .
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ShA
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1.0 PURPOSE

The purpose of this procedure is to provide general reference information regarding the sampling of
groundwater wells.

2.0 SCOPE

This procedure provides information on proper sampling equipment, onsite water quality testing, and
techniques for groundwater sampling. Review of the information contained herein wil facilitate ptanning
of the field sampling effort by describing standard sampling techniques. The techniques described shall
be followed whenever applicable, noting that site-specific conditions or project-specific plans may require
modifications to methodology.

3.0 GLOSSARY

Conductance - The conductance of a conductor 1 centimeter long and 1 square centimeter in cross-
sectional area. For groundwater measurements, a volume of water contained ina 1 cm x 1 cm sample
container (the water acts as the conductor). Conductivity and specific conductance are used
synonymously.

Electrolvtic Cell - An electrochemical cell in which electrical energy is supplied from an external source.
This cell functions in much the same way as a galvanic cell, only the current flows in the opposite
direction due to the external source of applied voitage. Electrolytic cells are used in dissolved oxygen
measurement.

Galvanic Cell - A electrochemical cell in which chemical energy is spontaneously converted to electrical
energy. The electrical energy produced is supplied to an external circuit. Galvanic cells are used in
dissolved oxygen measurement.

Ohm - Standard unit of electrical resistance (R). Used in specific conductance measurement. A siemen
(or umho) is the standard unit of electrical conductance, the inverse of the ohm.

Oxidation-Reduction Potential (ORP) - A measure of the activity ratio of oxidizing and reducing species
as determined by the electromotive force developed by a noble metal electrode, immersed in water, as
referenced against & standard hydrogen electrode.

PpH - The negative logarithm (base 10) of the hydrogen ion activity. The hydrogen ion activity is related
to the hydrogen ion concentration, and, in a relatively weak solution, the two are nearly equal. Thus, for
all practical purposes, pH is a measure of the hydrogen ion concentration.

pH Paper - Indicator paper that tumns different colors depending on the pH of the solution to which it is
exposed. Comparison with color standards supplied by the manufacturer will then give an indication of
the solution's pH. .

Resistance - A measure of the solution’s ability to oppose the passage of electrical current. For metals
and solutions, resistance is defined by Ohm’s Law, E = IR, where E is the potential difference, | is the
current, and R is the resistance. Used in measurement of specific conductance.

019611/P
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4.0 RESPONSIBILITIES

Project Hyvdrogeoloaist - Responsible for selecting and detailing the specific groundwater sampling
techniques, onsite water quality testing (type, frequency, and location), and equipment to be used, and
providing detailed input in this regard to the project plan documents. The project hydroaeologist is also

responsible for properly briefing and overseeing the performance of the site sampling personnei.

Project Geologist - is primarily responsible for the proper acquisition of the groundwater samples.
He/she is also responsible for the actual anaiyses of onsite water quality samples, as well as instrument:
calibration, care, and maintenance. When appropriate. such responsibilities may be performed by other
qualified personnel (e.g., field technicians).

5.0 PROCEDURES

5.1 General

To be useful and accurate, a groundwater sample must be representative of the particular zone of the
water being sampled. The physical, chemical, and bacteriological integrity of the sample must be
maintained from the time of sampling to the time of analysis in order to keep any changes in water
quality parameters to a minimum.

Methods for withdrawing samples from completed wells include the use of pumps, compressed air,
bailers, and various types of samplers. The primary considerations in obtaining a representative sample
of the groundwater are to avoid collection of stagnant (standing) water in the well and to avoid physical
or chemical alteration of the water due to sampling technigues. In a non-pumping well, there will be little
or no vertical mixing of water in the well pipe or casing, and stratification will occur. The well water in
the screened section will mix with the groundwater due to normal flow patterns, but the weil water above
the screened section will remain isolated and become stagnant. To safeguard against collecting non-

representative stagnant water in a sample, the following approach shall be followed prior to sample
acquisition:

1. All monitoring wells shall be purged prior to obtaining a sample. Evacuation of three to five
volumes is recommended prior to sampling. In a high-yielding groundwater formation and
where there is no stagnant water in the well above the screened section, extensive evacuation
prior to sample withdrawal is not as critical.

2.  For welis that can be purged dry, the well shall be evacuated and allowed to recover prior

to sample acquisition. If the recovery rate is fairly rapid, evacuation of more than one volume
of water is required.

3.  For high-yielding monitoring wells which cannot be evacuated to dryness, there is no
absolute safeguard against contaminating the sample with stagnant water. One of the
following techniques shall be used to minimize this possibility:

® A submersible pump or the intake line of a surface pump or bafler shall be placed just
below the water surface when removing the stagnant water and lowered as the water
level drops. Three to five volumes of water shall be removed to provide reasonable
assurance that all stagnant water has been evacuated. Once this is accomplished, a
bailer or other approved device may be used to collect the sample for analysis.

NntaRqe /D




Subject Number Page
SA-1.1 o
GROUNDWATER SAMPLE ,
ACQUISITION AND ONSITE WATER Revision Ctective Date
QUALITY TESTING 3 v o

e  The intake line of the sampling pump (or the submersible pump itself) shall be placed
near the bottom of the screened section. and approximately one casing volume of
water shall be pumped from the well at a low purge rate, equal to the well's recovery
rate (low fiow sampling).

Stratification of contaminants may exist in the aquifer. Concentration gradients as a result of mixing and
dispersion processes, layers of variable permeability, and the presence of separate-phase product (i.e,
floating hydrocarbons) may cause stratification. Excessive pumping or improper sampling methods can
dilute or increase the contaminant concentrations in the recovered sample compared to what is
representative of the integrated water column as it naturally occurs at that point, thus the resuit is the -
collection of a non-representative sampte.

5.2 Sampling, Monitoring, and Evacuation Equipment

Sample containers shall conform with the guidelines expressed in SOP SA-6.1.

The following equipment shall be on hand when sampling ground water wells (reference SOPs SA-6.1
and SA-7.1):

e  Sample packaging ahd shipping_equipment - Coolers for sample shipping and cooling,
chemical preservatives, appropriate sampling containers and filler, ice, labels and chain-of-
custody documents.

e Field tools and instrumentation - Thermometer, pH paper/meter, camera and film (if
appropriate), appropriate keys (for locked wells), engineer’s rule, water level indicator, specific
conductivity meter, and turbidity meter (as applicable).

° Pumps

- Shallow-well pumps: Centrifugal, pitcher, suction, or peristaitic pumps with droplines,
airift apparatus (compressor and tubing) where applicable.

- Deep-well pumps: Submersible pump and electrical power-generating unit, or air-ift
apparatus where applicable.

e  Other sampling equipment - Bailers and inert line with tripod-pulley assembly (if necessary).
Ballers or submersible centrifugal pumps shall be used to obtain sampies for volatile organics
from shaliow and deep groundwater wells.

e  Pails - Plastic, graduated.

e  Decontamination solutions - Delonized water, laboratory detergents, 10% nitric acid solution
(as required), and analytical-grade solvents (e.g., methanol, acetone, hexane), as required.

Ideally, sampie withdrawal equipment shall be completely inert, economical, easily cleaned, cleaned prior
to use, reusable, able to operate at remote sites in the absence of power sources, and capable of
delivering variable rates for well flushing and sampie collection.

019811 /P Brown & Root Environmental
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5.3 Calcuiations of Well Voiume .
To insure that the proper volume of water has been removed from the well prior to sampling it is first
necessary to know the volume of standing water in the well pipe. This volume can be easnly calculated

by the following method. Calculations shall be emered in the site logbook or field notebook or on a
sample log sheet form (see SOP SA-6.3):

] Obtain all available information on well construction (location, casing, screens, etc.).
e  Determine well or casing diameter.

e  Measure and record static water level (depth below ground level or top of casing reference
point).

e  Determine depth of well by sounding using a clean. decontaminated. weighted tape measure.

e  Calcuiate number of linear feet of static water (total depth or length of well pipe minus the
depth to static water level).

e  Calculate one static well volume ingallons V = (0.163X7T)Xr?
where: \' =  Static volume of well in gallons.
T =  Thickness of water table in the well measured in feet (i.e., linear
feet of static water).
r = Inside radius of well casing in inches.

0.163 A constant conversion factor which compensates for the
conversion of the casing radius from inches to feet, the

conversion of cubic feet to gailons, and pi.

° Per evacuation volumes discussed above, determine the minimum amount to be evacuated
before sampling.

5.4 Evacuation of Static Water (Purging)

5.4.1 Generai

The amount of purging a well shall receive prior to sample collection will depend on the intent of the
monitoring program and the hydrogeologic conditions. Programs to determine overall quality of water
resources may require long pumping periods to obtain a sample that is representative of a large volume
of that aquifer. The pumped volume may be specified prior to sampling so that the sample can be a
composite of a known volume of the aquifer. Alternately the well can be pumped until the parameters
such as temperature, electrical conductance, pH, and turbidity (as applicabie), have stabilized. Onsite

measurements of these parameters shall be recorded in the site Iogbook field notebook, or on
standardized data sheets.
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5.4.2 Evacuation Devices
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iscussion is limited to those devices commonly sed at hazardous waste sites.
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Attachment A provides guidance on the proper evacuation device to use for given sampling situations.
Note that all of these techniques involve equipment which is portable and readiy available.

Bailers

Bailers are the simplest evacuation devices used and have many advantages. They generally consist of
a length of pipe with a sealed bottom (bucket-type bailer) or, as is more useful and favored, with a ball
check-vaive at the bottom. An inert line is used to lower the bailer and retrieve the sample.

Advantages of hailers include:
° Few limitations on size and materials used for bailers.
e No external power source needed.
e Bailers are inexpensive, and can be dedicated and hung in a well to reduce the chances of
cross-contamination.

e  There is minimal outgassing of volatile organics while the sample is in the bailer.
o  Ballers are relatively easy to decontaminate. :

Limitations on the use of bailers include the foliowing:

e It is time consuming to remove stagnant water using a bailer.

e  Transfer of sample may cause aeration.

e  Use of ballers is physically demanding, especially in warm temperatures at protection levels
above Level D.

Suction Pumps

There are many different types of inexpensive suction pumps inciuding centrifugal, diaphragm, peristatic,
and pitcher pumps. Centrifugal and diaphragm pumps can be used for well evacuation at a fast pumping
rate and for sampling at a low pumping rate. The peristaltic pump is a low volume pump that uses
rollers to squeeze a flexible tubing, thereby creating suction. This tubing can be dedicated to a well to
prevent cross contamination. The pitcher pump is a common farm hand-pump.

These pumps are all portable, inexpensive and readily available. However, because they are based on
suction, their use is restricted to areas with water levels within 20 to 25 feet of the ground surface. A
significant limitation is that the vacuum created by these pumps can cause significant loss of dissolved
gases and volatile organics.

Air-Lift Samplers

This group of pump samplers uses gas pressure either in the annulus of the well or in a venturi to force
the water up a sampling tube. These pumps are also relatively inexpensive. Alr (or gas)-lift sampiers
are more suitable for well development than for sampling because the samples may be aerated, leading
to pH changes and subsequent trace metal precipitation, or loss of volatiie organics.

Brown & Root Environmental
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Submersibie Pump_'s

Submersible pumps take in water and push the sample up a sample tube to the surface. The power
sources for these samplers may be compressed gas or electricity. The operation principles vary and the
displacement of the sampie can be by an infiatable bladder, sliding piston. gas bubble, or impelier.
Pumps are available for 2-inch-diameter wells and larger. These pumps can lift water from considerable
depths (severai hundred feet).

F Limitations of this class of pumps include:

They may have low delivery rates.

Many models of these pumps are expensive.

Compressed gas or electric power is needed.

Sediment in water may cause clogging of the vaives or eroding the impellers with some of
these pumps.

Decontamination of internal components can be difficult and time-consuming.

5.5 Onsite Water Quality Testing

This section describes the procedures and equipment required to measure the following parameters of
an aqueous sampie in the field:

pH

Specific Conductance

Temperature

Dissolved Oxygen (DO) Concentration

Oxidation Reduction Potential

Certain Dissolved Constituents Using Specific lon Elements
Turbidity

This section is applicable for use in an onsite groundwater quality monitoring program to be conducted
at a hazardous or nonhazardous site. The.procedures and equipment described are applicable to
groundwater samples and are not, in general, subject to solution interferences from color, turbidity, and
colloidal material or suspended matter.

This section provides general information for measuring the parameters listed above with instruments and
techniques in common use. Since instruments from different manufacturers may vary, review of the
manufacturer’s literature pertaining to the use of a specific instrument is required before use.

5.5.1 Measurement of pH

5.5.1.1 General

Measurement of pH is one of the most important and frequently used tests in water chemistry.
Practically every phase of water supply and wastewater treatment such as acid-base neutralization, water
softening, and corrosion control is pH dependent. Likewise, the pH of leachate can be correlated with
other chemical analyses to determine the probable source of contamination. It is therefore important that
| reasonably accurate pH measurements be taken.

MARSE a PN PO I VIO . N U ]
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Two methods are given for pH measurement: the pH meter and pH indicator paper. The indicator paper
is used when oniy a rough estimate of the pH is required. and the pH meter when a more accurate
measurement is needed. The response of a pH meter can be affected to a slight degree by high levels
of colloidal or suspended solids. but the effect is usually smail and generally of little significance.
Conseguently, specific methods to overcome this interference are not described. The response of pH
paper is unaffected by solution interferences from color. turbidity, colloidal or suspended materials uniess
extremely high levels capable of coating or masking the paper are encountered. In such cases, use of
a pH meter is recommended.

5.5.1.2 Principies of Equipment Operation

Use of pH papers for pH measurement relies on a chemical reaction caused by the acidity or basicity
of the solution created by the addition of the water sample reacting with the indicator compound on the
paper. Various types of pH papers are available, including litmus (for general acidity or basicity
determination) and specific pH range hydrion paper.

Use of a pH meter relies on the same principle as other ion-specific electrodes. Measurement relies on
establishment of a potential difference across a giass or other type of membrane in response to (in this
instance, hydrogen) ion concentration across that membrane. The membrane is conductive to ionic

species and, in combination with a standard or reference electrode. a potential difference proportional
to the ion concentration is generated and measured.

§5.1.3  Eguipment
The following equipment is needed for taking pH measurements:

® Stand-alone 150 portable pH meter, or combination meter (e.g., Horiba U-10), or combination
meter equipped with an indine sample chamber.

e Combination electrode with polymer body to fit the above meter (alternately a pH electrode
-and a reference electrode can be used if the pH meter is equipped with suitable electrode
inputs). ' .
e  Buffer solutions, as specified by the manufacturer.
e pH indicator paper, to cover the pH range 2 through 12.
e  Manufacturer's operation manual.
55.1.4 Measurement Technigues for Field Determination of pH

pH Meter

The following procedure is used for measuring pH with a pH meter (meter standardization is according
to manufacturer’s instructions):

e Inspect the instrument and batteries prior to initiation of the field effort.

o  Check the integrity of the btdfersduﬂonsusedforﬂdd calibration. Buffer solutions need to
be changed often as a resuit of degradation upon exposure to the atmosphere.

019611/P
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e Immerse the tip of the electrodes in water overnight. If this is not possible due to field
conditions, immerse the electrode tip in water for at least an hour before use. The eiectrode
tip may be immersed in a rubber-or plastic sack containing buffer solution for field transport
or storage. This is not applicable for all electrodes as some must be stored dry.

e If applicable, make sure all electrolyte solutions within the electrode(s) are at their proper
levels and that no air bubbles are present within the electrode(s).

e  Calibrate on a daily use basis following manufacturer's instructions. Record calibration data
on an equipment calibration log sheet.

o Immerse the electrode(s) in the unknown solution, slowly stirring the probe until the pH
stabilizes. Stabilization may take several seconds to minutes. If the pH continues to drift,
the sample temperature may not be stable, a physical reaction (e.g., degassing) may be
taking place in the sample, or the meter or electrode may be malfunctioning. This must be
clearly noted in the logbook.

e Read and record the pH of the solution. pH shall be recorded to the nearest 0.1 pH unit.
Also record the sample temperature. '

e Rinse the electrode(s) with deionized water.
e  Store the electrode(s) in an appropriate manner when not in use.

Any visual observation of conditions which may interfere with pH measurement, such as oily materials,
or turbidity, shall be noted.

pH Paper

Use of pH paper is very simple and requires no sample preparation, standardization, etc. pH paper is
available in several ranges, including wide-range (indicating approximately pH 1 to 12), mid-range
(approximately pH 0 to 6, 6 to 9, 8 to 14) and narrow-range (many available, with ranges as narrow as
1.5 pH units). The appropriate range of pH paper shall be selected. If the pH is unknown the
investigation shall start with wide-range paper and proceed with successively narrower range paper until
the sample pH is adequately determined.

§.5.2 Measurement of Specific Conductance

55.2.1 General

Conductance provides a measure of dissolved ionic species in water and can be used to identify the
direction and extent of migration of contaminants in groundwater or surface water. It can also be used

as a measure of subsurface biodegradation or to indicate alternate sources of groundwater
contamination.

Conductivity is a numerical expression of the abiiity of a water sample to carry an electric current. This
value depends on the total concentration of the ionized substances dissolved in the water and the
temperature at which the measurement is made. The mobility of each of the various dissolved ions, their
valences, and their actual and relative concentrations affect conductivity.
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It is important to obtain a specific conductance measurement soon after taking a sample, since
temperature changes, precipitation reactions, and absorption of carbon dioxide from the air all affect the
specific conductance.

5.5.2.2 Principles of Equipment Operation

An aqueous system containing ions will conduct an electric current. in a direct-current fieid, the positive
ions migrate toward the negative electrode, while the negatively charged ions migrate toward the positive
electrode. Most inorganic acids, bases and salts (such as hydrochloric acid, sodium carbonate, or
sodium chloride, respectively) are relatively good conductors. Conversely, organic compounds such as
sucrose or benzene, which do not disassociate in aqueous solution, conduct a current very poorly, if at
all. :

A conductance cell and a Wheatstone Bridge (for the measurement of potential difference) may be used
for measurement of electrical resistance. The ratio of current applied to voitage across the cell may also
be used as a measure of conductance. The core element of the apparatus is the conductivity cell
containing the solution of interest. Depending on ionic strength of the aqueous solution to be tested,
a potential difference is developed across the cell which can be converted directly or indirectly
(depending on instrument type) to a measurement of specific conductance.

55.23 Equipment
The following equipment is needed for taking specific conductance (SC) measurements:

e Stand alone portable conductivity meter, or combination meter (e.g., Horiba U-10), or
combination meter equipped with an in-line sample chamber.

e  (Calibration solution, as specified by the manufacturer.

e . Manufacturer's operation manual.

A variety of conductivity meters are available which may aiso be used to monitor salinity and
temperatures. Probe types and cable lengths vary, so equipment must be obtained to meet the specific
requirement of the sampling program.

55.24 Measurement Techniques for Specific Conductance

The steps involved in taking specific conductance measurements are listed below (standardization is
according to manufacturer's instructions):

e  Check batteries and calibrate instrument before going into the fieid.
e Calibrate on a daily use basis, according to the manufacturer's instructions and record all
pertinent information on an equipment calibration log sheet. Potassium chloride solutions

with a SC closest to the values expected in the field shall be used for calibration. Attachment
B provides guidance in this regard.

®  Rinse the cell with one or more portions of the sample to be tested or with deionized water.

_—smamaa s
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° Immerse the electrode in the sampie and measure the conductivity. Adjust the temperature
setting to the sampie temperature (if applicabie).

L] Read and record the resuits in a ﬁeld logbook or sample log sheet.
. Rinse the electrode with deionized water.

If the specific conductance measurements become erratic, recalibrate the instrument and see the
manufacturer’s instructions for details.

5.5.3 Measurement of Temperature

5.5.3.1 General

In combination with other parameters, temperature can be a useful indicator of the likelihood of biological
action in a water sample. It can also be used to trace the fiow direction of contaminated groundwater.
Temperature measurements shall be taken in-situ, or as quickly as possible in the field. Collected water
samples may rapidly equilibrate with the temperature of their surroundings.

55.3.2  Eguipment

Temperature measurements may be taken with alcohol-toluene, mercury filled or dial-type thermometers.
in addition, various meters such as specific conductance or dissolved oxygen meters, which have
temperature measurement capabilities, may also be used. Using such instrumentation along with suitable
probes and cables, in-situ measurements of temperature at great depths can be performed.

5.5.3.3 Measurement Techniques for Water Temperature

If a thermometer is used to determine the temperature for a water sample:

° Immerse the thermometer in the sample until temperature equilibrium is obtained (1-
3 minutes). To avoid the possibility of cross-contamination, the thermometer shall not be
inserted into samples which will undergo subsequent chemical analysis.

¢ Record values in a field logbook or sample log sheet.

If a temperature meter or probe is used, the mstrument shall be calibrated according to manufacturer's
recommendations.

55.4 Measurement of Dissolved Oxygen Concentration

5.5.4.1 General

Dissolved oxygen (DO) levels in natural water and wastewater depend on the physical, chemical and
biochemical activities in the water body. Conversely, the growth of many aquatic organisms as well as
the rate of corrosivity, are dependent on the dissolved oxygen concentration. Thus, analysis for
dissolved oxygen is a key test in water pollution and waste treatment process control. If at all possible,
DO measurements shall be taken in-situ, since concentration may show a large change in a short time
if the sample is not adequately preserved.

A1ARCe 1
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The monitoring method discussed herein is limited to the use of dissolved oxygen meters only. Chemical
methods of analysis (i.e., Winkler methods) are available, but require more equipment and greater sample
manipulation. Furthermore, DO meters, using a membrane electrode, are suitable for highly polluted
waters, because the probe is compietely submersible, and is not susceptible to interference caused by
color, turbidity, colloidal materiai or suspended matter.

554.2 Principies of Equipment Operation

Dissoived oxygen probes are normally electrochemical cells that have two solid metal electrodes of
different nobility immersed in an electrolyte. The electrolyte is retained by an oxygen-permeabie
membrane. The metal of highest nobility (the cathode) is positioned at the membrane. When a suitable
potential exists between the two metals, reduction of oxygen to hydroxide ion (OH) occurs at the
cathode surface. An electrical current is developed that is directly proportional to the rate of arrival of
oxygen molecules at the cathode.

Since the current produced in the probe is directly proportional to the rate of arrival of oxygen at the
cathode, it is important that a fresh supply of sample always be in contact with the membrane.
Otherwise, the oxygen in the aqueous layer along the membrane is quickly depleted and false low
readings are obtained. It is therefore necessary to stir the sample (or the probe) constantly to maintain
fresh solution near the membrane interface. Stirring, however, shall not be so vigorous that addttional
oxygen is introduced through the air-water interface at the sample surface. To avoid this possibility,
some probes are equipped with stirrers to agitate the solution near the probe, while leaving the surface
of the solution undisturbed.

Dissolved oxygen probes are reiatively unaffected by interferences. Interferences that can occur are
reactions with oxidizing gases (such as chiorine) or with gases such as hydrogen suifide, which are not
easily depolarized from the indicating electrode. If a gaseous interference is suspected, it shall be noted
in the field log book and checked i possible. Temperature variations can also cause interference
because probes exhibit temperature sensitivity. Automatic temperature compensation is normaliy
provided by the manufacturer.

5.5.43 Equipment
The following equipment is needed to measure dissolved oxygen concentration:

° Stand alone portable dissolved oxygen meter, or combination meter (e.g., Horiba U-10), or
combination meter equipped with an in-line sample chamber.

e  Sufficient cable to allow the probe to contact the sample.

e  Manufacturer's operation manual.

5.5.4.4 Measuremeni Techniques for Dissolved Oxygen Determination

Probes differ as to specifics of use. Follow the manufacturer's instructions to obtain an accurate reading.
The following general steps shall be used to measure the dissolved oxygen concentration:

e The equipment shall be calibrated and have its batteries checked in the warehouse before
going to the field.

a196811/P Brown & Root Environmental
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e  The probe shall be conditioned in a water sample for as long a period as practical befors use

in the field. Long periods of dry storage followed by short periods of use in the fieid r. Jy
result in inaccurate readings.

e  The instrument shall be calibrated in the field according to manufacturer's recommendations
or in a freshly air-saturated water sample of known temperature. Dissolved oxygen vaiues
for air-saturated water can be determined by consuiting a table listing oxygen solubilities as
a tunction of temperature and salinity (see Attachment C).

® Record all pertinent information on an equipment calibration sheet.

e  Rinse the probe with deionized water.

e Immerse the probe in the sample. Be sure to provide for sufficient flow past the membrane
by stirring the sample. Probes without stirrers placed in wells can be moved up and down.

e Record the dissolved oxygen content and temperature of the sample in a field logbook or
sample log sheet.

o  Rinse the probe with deionized water.

®  Recalibrate the probe when the membrane is replaced, or as needed. Follow the
manutfacturer's instructions.

Note that in-situ placement of the probe is preferable, since sample handling is not involved. This

however, may not always be practical. Be sure to record whether the liquid was analyzed in-situ, or if
a sample was taken.

Special care shall be taken during sample collection to avoid turbulence which can lead to increased
oxygen solubilization and positive test interferences.

5.5.5 Measurement of Oxidation-Reduction Potential

5.5.5.1 General

The oxidation-reduction potential (ORP) provides a measure of the tendency of organic or inorganic
compounds to exist in an oxidized state. The ORP parameter therefore provides evidence of the

likelihood of anaerobic degradation of biodegradable organics or the ratio of activities of oxidized to
reduced species in the sample.

5.8.5.2 Principles of Equipment Operation

When an inert metal electrode, such as piatinum, is immersed in a solution, a potential is developed at
that electrode depending on the ions present in the solution. If a reference electrode is placed in the
same solution, an ORP electrode pair is established. This electrode pair allows the potential difference
between the two electrodes to be measured and is dependent on the concentration of the ions in
solution. By this measurement, the ability to oxidize or reduce species in solution may be determined.
Suppiemental measurements, such as dissoived oxygen, may be correlated with ORP to provide a
knowiedge of the quality of the solution, water, or wastewater. :
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5.5.53

Equipment

The following equipment is needed for measuring the oxidation-reduction potential of a solution:

55.5.4

Portable pH meter or equivalent, with a miilivoit scale.

Platinum electrode to fit above pH meter.

Reference electrode such as a calomel, silver-silver chioride, or equivalent.
Reference solution as specified by the manufacturer.

Manufacturer's operation manual.

Measurement Techniques for Oxidation-Reduction Potential

The following procedure is used for measuring oxidation-reduction potential:

5.5.6.1

The equipment shall be calibrated and have its batteries checked before going to the fieid.

Check that the platinum probe is clean and that the platinum bond or tip is unoxidized. If
dirty, polish with emery paper or, if necessary, clean the electrode using aqua regia, nitric
acid, or chromic acid, in accordance with manufacturer’'s instructions.

Thoroughly rinse the electrode with deionized water.

Verify the sensitivity of the electrodes by noting the change in millivoit reading when the pH
of the test solution is altered. The ORP will increase when the pH of the test solution
decreases and the ORP will decrease if the test solution pH is increased. Place the sample
in a clean container and agitate the sample. Insert the electrodes and note the ORP drops
sharply when the caustic is added (i.e., pH is raised) thus indicating the electrodes are
sensitive and operating properly. 1f the ORP increases sharply when the caustic is added,
the polarity is reversed and must be corrected in accordance with the manufacturer’s
instructions. If the ORP does not respond as above when the caustic is added, the
electrodes shall be cleaned and the above procedure repeated.

After the assembly has been checked for sensitivity, wash the electrodes with three changes
of water or by means of a flowing stream of deionized water from a wash bottle. Place the
sample in a clean container and insert the electrodes. Set temperature compensator
throughout the measurement period. Read the millivoit potential of the solution, allowing
sufficient time for the system to stabilize and reach temperature equilibrium. Measure
successive portions of the sample until readings on two successive portions differ by no more
than 10 mV. A system that is very slow to stabilize properly will not yield a meaningful ORP.
Record all resuits in a fieid logbook or sample logsheet, including ORP (to nearest 10 mV),
sample temperature and pH at the time of measurement.

Measurement of Turbidity

General

Turbidity in water is caused by suspended matter, such as clay, sit, finely divided organic and inorganic
matter, soluble colored organic compounds, and microscopic organisms, including plankton. Turbidity
is an expression of the optical property that causes light to be scattered and absorbed rather than
transmitted in a straight line through the sample.
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It is important to obtain a turbidity reading immediately after taking a sample, since irreversible changes
in turbidity may occur if the sample is stored too long.

5.5.6.2 Principles of Equipment Operation

Turbidity is measured by the Nepheiometric Method. This method is based on a comparison of the
intensity of light scattered by the sampie under defined conditions with the intensity of light scattered by
a standard reference suspension under the same conditions. The higher the scattered light intensity, the
higher the turbidity.

Formazin polymer is used as the reference turbidity standard suspension because of its ease of
preparation combined with a higher reproducibility of its light-scattering properties than clay or turbid
natural water. The turbidity of a specified concentration of formazin suspension is defined as 40
nephelometric units. This same suspension has an approximate turbidity of 40 Jackson units when
measured on the candle turbidmeter. Therefore, nephelometric turbidity units (NTU) based on the
formazin preparation will approximate units derived from the candle turbidimeter but will not be identical
to them.

5.5.6.3 Equipment
The following equipment is needed for turbidity measurement:

e Stand alone portable turbidity meter, or combination meter (e.g.. Horiba U-10), or
combination meter equipped with an in-line sample chamber.

e  (Calibration solution, as specified by the manufacturer.
e  Manufacturer's operation manual.

5.5.6.4 Measurements Techniques for Specific Conductance

The steps involved in taking turbidity measurements are listed below (standardization is according to
manufacturer’s instructions):

e  Check batteries and calibrate instrument before going into the field.
e  Check the expiration date (etc.) of the solutions used for field calibration.

e  Calibrate on a dally use basis, according to the manufacturer's instructions and record all
pertinent information on an equipment calibration log sheet.

e Rinse the cell with one or more portions of the sample to be tested or with deionized water.

e  immerse the probe in the sample and measure the turbidity. The reading must be taken

immediately as suspended solids will settie over time resuiting in a lower, inaccurate turbidity
reading. .
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e Read and record the resuits in a field logbook or sample log sheet. Include a physical
description of the sample, including color, qualitative estimate of turbidity, etc.

® Rinse the electrode with deionized water.

5.6 Sampling

5.6.1 Sampling Plan

The sampling approach consisting of the following, shall be developed as part of the project plan
documents which are approved prior to beginning work in the field:

e . Background and objectives of sampling.

e  Brief description of area and waste characterization.

e Identification of sampling locations, with map or sketch, and appiicable well construction data
(well size, depth, screened interval, reference elevation).

e Intended number, sequence volumes, and types of samples. If the relative degrees of
contamination between wells is unknown or insignificant, a sampling sequence which
facilitates sampling logistics may be followed. Where some wells are known or strongly
suspected of being highly contaminated, these shall be sampled last to reduce the risk of
cross-contamination between wells as a result of the sampling procedures.

L Sample preservation requirements.

e  Work schedule.

e  List of team members.

o  List of observers and contacts.

e  Other information, such as the necessity-for a warrant or permission of entry, requirement for
split samples, access problems, location of keys, etc.

5.6.2 Sampling Methods
The collection of a groundwater sample consists of the following steps:

1. The site Health & Safety Officer (or designee) will first open the well cap and use volatile
organic detection equipment (PID or FID) on the escaping gases at the well head to
determine the need for respiratory protection.

2.  When proper respiratory protection has been donned, sound the well for total depth and
water level (using clean equipment) and record these data on a groundwarer sampling log
sheet (see SOP SA-6.3); then calculate the ﬂuid volume in the well pipe (as previously
described in this SOP).

3. Calculate well volume to be removed as stated in Section 5.3.
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10.

1.

12.

13.

14.

15.

5.7

5.7.1

Select the appropriate purging equipment (see Attachment A). If an electric submersible
pump with packer is chosen, go to Step 10.

Lower the purging equipment or intake into the well to a short distance beiow the water level
and begin water removal. Collect the purged water and dispose of it in an acceptabie
manner (as applicable). Lower the purging device, as required, to maintain submergence.

Measure the rate of discharge frequently. A graduated bucket and stopwatch are most
commonly used; other techniques inctude use of pipe trajectory methods, weir boxes or flow
meters.

Observe the peristaitic pump intake for degassing "bubbles.” If bubbles are abundant and
the intake is fully submerged, this pump is not suitable for collecting samples for volatile
organics. Never collect volatile organics samples using a vacuum pump.

Purge a minimum of three to five casing volumes before sampling. In low-permeability strata
(ie., if the well is pumped to dryness), one volume will suffice. Purged water shall be
collected in a designated container and disposed in an acceptable manner.

if sampling using a pump, lower the pump intake to midscreen (or the middle of the open
section in uncased wells) and collect the sample. If sampling with a bailer, lower the bailer
to the sampling ievel before filling.

(For pump and packer assembly only). Lower the assembly into the well so that the packer
is positioned just above the screen or open section. Inflate the packer. Purge a volume
equal to at least twice the screened interval (or unscreened open section volume below the
packer) before sampling. Packers shall always be tested in a casing section above ground
to determine proper inflation pressures for good sealing.

In the event that recovery time of the well is very slow (e.g., 24 hours or greater), sample
collection can be delayed until the following day. If the well has been purged early in the
morning, sufficient water may be standing in the well by the day’'s end to permit sample
collection. If the well is incapable of producing a sufficient volume of sample at any time,
take the largest quantity available and record this occurrence in the site logbook.

Filt sample containers (preserve and labei as described in SOP SA-6.1).

Replace the well cap and lock as appropriate. Make sure the well is readily identifiable as
the source of the samples.

Process sample containers as described in SOP SA-6.1.
Decontaminate equipment as described in SOP SA-7.1.

Low Fiow Purging and Sampling
Scope & Application

Low flow purging and sampling techniques are sometimes required for groundwater sampiing activities.
The purpose of low flow purging and sampling is to collect groundwater sampies that contain
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"representative” amounts of mobile organic and inorganic constituents in the vicinity of the selected open
well interval, at near natural flow conditions. The minimum stress procedure emphasizes negiigible water
level drawdown and low pumping rates in order to collect samples with minimal alterations in water
chemistry. This procedure is designed primarily to be used in wells with a casing diameter of 2 inches
or more and a saturated screen, or open interval, length of ten feet or less. Samples obtained are
suitable for analyses of common types of groundwater contaminants (volatile and semi-volatile organic
compounds. pesticides. PCBs, metals and other inorganic ions [cyanide, chioride, sulfate, etc.]). This
procedure is not designed to collect non-aqueous phase liquids samples from wells containing light or
dense non-agueous phase fiquids (LNAPLs or DNAPLs), using the low flow pumps.

The procedure is fiexible for various well construction types and groundwater yieids. The goal of the
procedure is to obtain a turbidity level of less than § NTU and to achieve a water level drawdown of less
than 0.3 feet during purging and sampling. If these goals cannot be achieved, sample collection can take
place provided the remaining criteria in this procedure are met.

5.7.2 Equipment
The following equipment is required (as applicable) for iow fiow purging and sampling:

° Adjustable rate, submersible pump (e.g., centrifugal or bladder pump constructed of stamless steel
or Teflon). Peristaltic pumps may be used only for inorganic sampte collection.

° Disposabie clear piastic bottom filling bailers may be used to check for and obtain samples of
LNAPLs or DNAPLs.

e  Tubing - Teflon, Teflon lined polyethylene, polyethylene, PVC, tygon steel tubing can be used to
collect samples for analysis, depending on the analyses to be performed and regulatory
requirements.

e  Water level measuring device, 0.01 foot accuracy, (electronic devices are preferred for tracking
water level drawdown during all pumping operations).

. Flow measurement supplies.
L Interface probe, if needed.

e  Power source (generator, nitrogen tank, etc.). If a gasoline generator is used, it must be located
downwind and at a safe distance from the well so that the exhaust fumes do not contaminate the
samples.

® Indicator parameter monitoring instruments - pH, turbidity, specific conductance, and temperature.
Use of a flow-through cell is recommended. Optional indicators - eH and dissolved oxygen, flow-
through cell is required. Standards to perform field calibration of instruments.

° Decontamination supplies.

e  Logbook(s), and other forms (e.g., well purging forms).

e  Sampie Bottles.

1/P
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®  Sample preservation supplies (as required by the analytical methods).

e  Sampile tags or labels.

&  Waell construction data, {ocation map, field data from fast sampling event.

®  Field Sampling Plan.
e  PID or FID instrument for measuring VOCs (volatile organic compounds);
5.7.3 Purging and Sampling Procedure

Use a submersible pump to purge and sample monitoring wells which have a 2.0 inch or greater well
casing diameter. _

Measure and record the water level immediately prior to placing the pump in the well.

Lower pump, safety cable, tubing and electrical lines siowly into the well so that the pump intake is
located at the center of the saturated screen length of the well. If possible keep the pump intake at least
two feet above the bottom of the well, to minimize mobilization of sediment that may be present in the
bottom of the well. Collection of turbid free water samples may be difficult if there is three feet or less
of standing water in the well.

When starting the pump, slowly increase the pump speed until a discharge occurs. Check water level.
Adjust pump speed to maintain little or no water level drawdown. The target drawdown should be less
than 0.3 feet and it shouid stabilize. If the target of less than 0.3 feet cannot be achieved or maintained,
the sampling is acceptabile if remaining criteria in the procedure are met. Subsequent sampling rounds
will probably have intake settings and extraction rates that are comparable to those used in the initial
sampling rounds.

Monitor water level and pumping rate every three to five minutes (or as appropriate) during purging.
Record pumping rate adjustments and depths to water. Pumping rates should, as needed, be reduced
to the minimum capabilities of the pump (e.g.. 0.1-0.2 I/min) to ensure stabilization of indicator
parameters. Adjustments are best made in the first fifteen minutes of pumping in order to help minimize
purging time. During initial pump start-up, drawdown may exceed the 0.3 feet target and then recover
as pump flow adjustments are made (minimum purge volume calculations should utilize stabilized
drawdown values, not the initial drawdown). If the recharge rate of the well is less than minimum
capability of the pump do not allow the water level to fall to the intake leve! (if the static water level is
above the screen, avoid lowering the water ievel into the screen). Shut off the pump if either of the
above is about to occur and allow the water level to recover. Repeat the process until field indicator
parameters stabilize and the minimum purge volume is removed. The minimum purge volume with
negligible drawdown (0.3 feet or less) is two saturated screen iength volumes. In situations where the
drawdown is greater than 0.3 feet and has stabilized, the minimum purge volume is two times the
saturated screen volume plus the stabliized drawdown volume. After the minimum purge volume is
attained (and field parameters have stabilized) begin sampling. For low yields wells, commence sampling

as soon as the weil has recovered sufficlently to collect the appropriate volume for all anticipated
samples. T

During well purging, monitor field indicator bamﬁeters (turbidity, temperaturs, specific conductance, pH,
etc.) every three to five minutes (or as appropriate). Purging is complete and sampling may begin when
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all field indicator parameters have stabilized (variations in values are within ten percent of each otner. pH
+ /- 0.2 units, for three consecutive readings taken at three to five minute intervais). [f the parameters
have stabilized. but turbidity remains above 5 NTU goal, decrease pump flow rate, and continue
measurement of parameters every three to five minutes. If pumping rate cannot be decreased any
further and stabilized turbidity values remain above 5 NTU goal record this information. Measurements
of field parameters should be obtained (as per Section 5.5) and recorded.

VOC samples are preferably collected first and directly into pre-preserved sample containers. Fill all
sample containers by allowing the pump discharge to flow gently down the inside of the container with
minimai turbufence.

If the water column in the pump tubing collapses (water does not completely fill the tubing) before exiting
the tubing, use one of the following procedures to coliect VOC samples: (1) Collect the non-VOCs
samples first, then increase the flow rate incrementally until the water column completely fills the tubing,
collect the sample and record the new flow rate; (2) reduce the diameter of the existing tubing until the
water column fills the tubing either by adding a connector (Teflon or stainiess steel), or clamp which
should reduce the flow rate by constricting the end of the tubing; (3) insert a narrow diameter Teflon tube
into the pump’s tubing so that the end of the tubing is in the water column and the other end of the
tubing protrudes beyond the pump's tubing, collect sample from the narrow diameter tubing.

Prepare samples for shipping as per SOP SA-6.1.
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L Diaphragm | Submersible | Submersible | Submersibie
Diameter Casing Bailer P‘;‘::“"’ V;z“““" Arditt | “Trash® | Diaphragm Hlectric Electric
‘ P mp Pump Pump Pump Pump
w/Packer
1.25-inch | Water level '
<25 foet X X X X
Water Levei
>25 feet X
2-inch Water leve!
<25 fost X X X X X X
Water Level
>25 feet X X X
4-inch Water ievei
<25 feet X X X X X X X X
Water Levei
>25 foet X X X X X
6-inch Water ievel
<25 feet X X X X
Water Levei
>25 feet X X X
8inch Water iovel
<25 feet X X X X
Water Lovel
>25 foot X X X
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ATTACHMENT A
PURGING EQUIPMENT SELECTION
PAGE 2
Maximum
Construction
Outside Lift . 1982
Model Principle of t Materials Ra Delivery Rates Price Comments
Manutacturer Name/Number Operation Di:;z;t:'/ (w/.rl:lngr:g?nd «'t')g" or Volumes (DO'NSI'S)
(inches)
Dedicated; gas 0-150 |1 liter for each Requires compressed gas; custom sizes
BarCed 8ystoms. | parCad Sampler |drive fpositive | 1.5/16 | Brass. 0vion. | wigh std. { 10-15 feet of | $220-350 | and materials available; acts as
. displacement) u tubing | submergence piezometer.
Cole-Parmer Inst. Master Flex 7570 | Portable; (not submersible) 670 mL/min AC/DC; variable speed control available;
Co. Portable peristaltic <1.0/NA | Tygon®, silicone 0-30 |with 7015- $500-600 | other modeis may have different flow
: Sampling Pump | (suction) Viton® 20 pump head rates.
0-500 mi/min . .
R <1S5or |PP, PE, PVC, SS, AC, DC, or gasoline-driven motors
ECO Pump Corp. | SAMPLIfier Portable; venturi <2.0/NA | Tefione®, Tefzel® 0-100 ltil:pendlng on |$400-700 available; must be primed.
Portable; grab
Geltek Corp. Baller 2194 sitive 9 1.66/38 | Teflon® No flimit | 1,075 mL $120-135 | Other sizes available.
displacement)
Approximately
Dodicatod; gas PE, PP, PVC Probably | 1 liter for each Acts as piezometer; requires compressed
Geoknginesring. | GEOMONITOR | drive (positive 15/16 | P PV Ferad M s185 |0 \
. displacement)
submergence
industrial and .
Portable; Requires compressed gas; other models
idnr | SS, Teflone, 0-2,800 $1,500- .
m Aquarius m:l; g:::t)lvo 1.75/43 | \aione 0250 | I Jmin 3.000 walla:ll:. AC, DC, manual operation
(IEA) _ possible.
Portable; grab 850 mL
IEA Syringe Sampler | (positive 9 1.75/43 ]SS, Tefion® No limit | sample volum | $1,100 m:i::':;?"“m and/or pressure from
- displacement) [
instrument Portable; PG, silicone,
Model 2600 Y 0-7,500 Requires compressed gas (40 psi
Spocates C0. |\ Samper [blader lpostve | 1.75/50 | Talon, PPLPE. | 0150 | ol i $900 | o
' SP.81 Portable; helical
Keck cal ! SS, Tefion®, PP, 0-4,500
K oo Suomerstle [ wlor positve 175/25 | Booma vions o160 [ZH00 $3,500 |DC operated.
Leonard Mold GeoFilter Small | Portable; . Requires compressed gas (55 psi |
and Dis Works, | Diameter Well bladder (positive | 1.75/38 ﬁs’b;":‘::: + PG, 0-400 2‘?_'/5’?‘?“ 811 g mln;rr:um); pneumatic or AC/DC control
Inc. Pump (#0500) dispiacement) ! module.
Oil Recovery Portable; grab Approximately Other materials and models :vaihblo; for
sitiv 1.75/12 | acrylic, Detrin® No limit $125-160 | measuring thickness of “floating”
Systema, inc. Surtace Sampler o‘:lplgphc:ment) / oA 250 mlL contaminants.
QED. Well Wizard® Dedicated; 0-2,000 Requires compressed gas; plezometric
S’y’:"’"m‘&w mm’"?g 100) g:‘:g:’eggzglw 1.66/36 | PVC 0-230 mt/min $300-400 levgl lndlcator?othot materials available.
ems, Inc. em (P- 8,

8] 8ALDaY3
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ATTACHMENT A
PURGING EQUIPMENT SELECTION
PAGE 3
Maximum .
Outside . . . 1982
Model Principle of ; Construction Materials | Lift Range | Delivery Rates
Manutacturer | e /Number Operation Diameter/ | ‘o inas and Tubing) (t or Volumes Price Comiments
Length (Dollars)
(Inches)
Randolph Austin | Model 500 Portable; peristaitic < {Not submersible) $1,200- Flow rate dependent on motor and
Y 0.5/NA | Rubber, Tygon®, or 0-30 See comments ! tubing selected; AC operated; other
Co. Vart-Flow Pump | (suction) Neoprene® 1300 |0 e avaitable.
Portable; piston Requires compressed gas; water
Robert Bennett | Model 180 | (positive 18/22 |53 Teflon®, m";"',ﬁ 0500 {01,800 mt/min | $2800 ievel indicator and flow meter;
displacsment) ! ! ' ' custom models available.
e Requires compressed gas; SS
g:p(.s Indicator mamd m. gas drive 19/18 | PVC, nylon 0-1.100 muw $250-350 ava::ag:o; slezom:‘ter n;:del
. (SINCO) - ' ' ushing ] available; dedicated model
Water Sampler | displacement) available.
Poriable; grab .
Solinst Canada | 5W Water ' PVC, brass, nylon, $1,300- | Requires compressed gas; custom
Led. Sampler Ji;ewl:’“eomcnt) 19/27 | Ngoprenee 0330 |500 mL 1,800 | models available. _
Portable; grab Other sizes, materials, models
TIMCO Mig. Co., Std. Bailer (positive 1.66/Cust PVC, PP No limit 250 mL/ft of $20-60 [ available; optional bottom-emptying
inc. om baller
displacement) device available; no soivents used.
Portable; gas drive Requires compressed gas; other
TIMCO "s:,:‘Pg:' ue (posltivoe.mm) 1.66/30 | PVC, Tygone, Teflon® | 0-150 :ﬁghri?\:/cvdo $100:200 | sizss, materias. models avaiable;
Portable; biadder :
Sampling ' §8, silicone, Delrin®, $800- | Compressed gas required; DC -
Tole Devices Co Pump mmom) 1.38/48 Tygon® 0-125 |0-4,000 mL/min 1,000 | control module; custom buitt.
Construction Material Abbreviations: Other Abbreviations:
PE Polysthylene NA  Not applicable
PP Polypropylene AC  Alternating current
Ve Polyvinyl chloride DC  Direct current
§S Stainless steel
PC Polycarbonate
EPDM Ethylene-propylene diene (synthetic rubber) :
NOTE: Other manufacturers market pumping devices which could be used for groundwater sampling, though not expressly designed for this purpose. The list is not

meant to be al-inclusive and listing does not constitute endorsement for use. Information in the table is from sales literature and/or personal communication.
No skimmer, scavenger-type, or high-capacity pumps are included. '

Source: Barcelona et al., 1983.
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ATTACHMENT B
SPECIFIC CONDUCTANCE OF 1 MOLAR KClI
AT VARIOUS TEMPERATURES'
Temperature (°C) Spec(i\:: z‘ﬁ::;jcn::;ance

15 1,147

16 1,173

17 1,199

18 1,225

19 1,251

20 1,278

21 1,305

22 1,332

23 1,359

24 1,368

25 1,413

26 1,441

27 1,468

28 1,496

29 1,524

30 1,552

Data derived from the International Critical

Tables 1-3-8.
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GROUNDWATER SAMPLE
ACQUISITION AND ONSITE WATER Revision Effective Date .
QUALITY TESTING 3 c3/Ct
- ATTACHMENT C -
VARIATION OF DISSOLVED OXYGEN CONCENTRATION IN WATER
AS A FUNCTION OF TEMPERATURE AND SALINITY
Dissoived Oxygen (mg/L)
Temperature Chioride Concentration in Water Difference/
(°C) 100 mg
0 5,000 10,000 15,000 20,000 Chloride
0 146 13.8 13.0 121 113 0.017
1 14.2 13.4 12.6 11.8 11.0 0.016
2 138 13.1 123 115 10.8 0.015
3 13.5 12.7 12.0 11.2 10.5 0.015
4 13.1 124 11.7 110 103 0.014
5 12.8 121 114 10.7 10.0 0.014
6 125 1.8 111 10.5 9.8 0.014
7 12.2 115 109 10.2 9.6 0.013
8 11.9 11.2 10.6 10.0 9.4 0.013
9 116 11.0 10.4 9.8 9.2 0.012
10 113 10.7 10.1 9.6 9.0 0.012
11 111 10.5 9.9 9.4 8.8 0.011
12 10.8 103 9.7 9.2 8.6 0.011
13 10.6 10.1 9.5 9.0 8.5 0.011
14 10.4 9.9 9.3 8.8 8.3 0.010
15 10.2 9.7 9.1 8.6 8.1 0.010
16 10.0 9.5 9.0 8.5 8.0 0.010
17 9.7 9.3 8.8 83 78 0.010
18 9.5 9.1 8.6 8.2 7.7 0.009
19 9.4 8.9 8.5 8.0 7.6 0.009
20 9.2 8.7 8.3 7.9 7.4 0.009
21 9.0 86 8.1 7.7 7.3 0.009
22 88 84 8.0 7.6 7.1 0.008
23 8.7 83 7.9 74 7.0 0.008
24 85 8.1 7.7 7.3 6.9 0.008
25 8.4 8.0 7.6 7.2 6.7 0.008
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GROUNDWATER SAMPLE )
ACQUISITION AND ONSITE WATER Revision Effective Date
QUALITY TESTING 3 03/01/96
ATTACHMENT C

VARIATION OF DISSOLVED OXYGEN CONCENTRATION IN WATER
AS A FUNCTION OF TEMPERATURE AND SALINITY

PAGE TWO
Dissoived Oxygen (mg/L)
Temperature Chloride Concentration in Water Difference/
(°C) 100 mg
0 5,000 10,000 15,000 20,000 Chloride
26 8.2 7.8 7.4 7.0 6.6 0.008
.27 8.1 7.7 73 6.9 6.5 0.008
28 7.9 75 7.1 6.8 6.4 0.008
29 7.8 74 7.0 6.6 6.3 0.008
30 7.6 7.3 6.9 6.5 6.1 0.008
31 75 ‘
32 7.4
33 7.3
34 7.2
35 71
36 7.0
37 69
38 6.8
39 6.7
40 6.6
4 6.5
42 6.4
43 6.3
4 6.2
45 6.1
46 6.0
47 59
48 58
49 5.7
50 5.6
Note: in a chioride solution, conductivity can be roughly related to chloride concentration

(and therefore, used to correct measured D.O. concentration) using Attachment B.
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1.0 - ‘"PURPOSE i - a

To establish procedures for the use, maintenance, and calibration of the Photovac 2020 Photoionization
Air Monitor.

2.0 SCOPE

Applies to each usage of the Photovac 2020 Photoionization Air Monitor by Brown & Root Environmental
personnei.

3.0 GLOSSARY

Electron volt (eV) - A unit of energy equal to the energy acquired by an electron when it passes through
a potential difference of 1 volt in a vacuum. It is equal to 1.602192+0.000007 X 10" voits.

|ntn'nsically Safe (1.S.) - Based on wiring, configuration, design, operation, gasketing, construction, this
instrument may be employed within locations in which lammable gases and/or vapors may exist.

lonization Potential (I.P.) - The energy required to remove an electron from a molecule yielding a
positively charged ion and a negatively charged free electron. The instrument measures this energy level.

Photoionization Detector (PID) - Photoionization detector employed as generai reference to air monitors
of this type. PIDs detection method employs ultraviolet (UV) radiation as an energy source. As air and
contaminant are drawn through the ionization chamber the UV light source causes the contaminant with
ionization potentials equal to or iess than the UV source to break into positive and negatively charge
ions. The created ions are subjected to an electrostatic field. The voltage difference is measured in
proportion to the calibration reference and the concentration of the contaminant.

Ultraviolet Radiation (UV) - Ultraviolet radiation is the energy source employed by the instrument to ionize
collected sample gas streams. The UV lamp source is required to be equal to or greater than the
jonization potential of the substance drawn through the instrument in order to create separate ionized
species.

4.0 RESPONSIBILITIES

Health and Safety Manager (HSM) - The HSM shall ensure that the user has been appropriately trained
and certified in the usage of the Photovac 2020 instrument.

Equipment Manager - The Equipment Manager shall ensure all air monitoring instrumentation siated for
field activities has been operationally checked out, fully charged, and calibrated prior to issuing any
instrument for field service. Maintenance deficiencies identified by the Equipment Manager will require
those instruments to be pulled from service until repairs can be facilitated.

Field Operations Leader (FOL)/Field Team Leader (FTL) - The FOL/FTL shall ensure all field team
members employing the monitoring instruments as part of their assigned duties are adequately trained
in the operation and limitations of this instrument. The FOL/FTL shall ensure that the air monitoring
instruments are employed as directed by site guidance documents (i.e., Work Plan, Healith and Safety
Pian, etc.). Additionally, the FOL/FTL shall ensure that the appropriate documentation and
recordkeeping requirements are fuifilled including Documentation of Calibration and Direct Reading
instrument Response Data Sheets for air monitoring activities.
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Health and Safety Officer (HSO) - The HSO is responsible for determining air monitoring requirements
for the site activities, and providing direction for air- monitoring during specific site activities. This
identification of types of air monitoring and direction for use are indicated within the Site-Specific Health
and Safety Pian (HASP).

Site Safety Officer (SSO) - The SSO shall ensure the instruments identified are employed in the manner
directed by the HSO, and that any action levels specified are observed for the application of engineering
controls, personal protective equipment (PPE) use, and administrative controls. Additionally, he/she shall
ensure the instruments are properly maintained and calibrated prior to use in the fieid. The SSO, during
specific air monitoring applications including STEL and TWA mode measurements, will be responsible
for the operation and application of this speciaity air monitoring device.

5.0 PROCEDURES
5.1 Principie of Operation

The Photovac portable photoionizer detects the concentration of many organic (and a few inorganic).
The basis for detection of this instrument is the ionization of components of captured gaseous streams.
The incoming gas molecules are subjected to ultraviolet (UV) radiation, which is energetic enough to
ionize many gaseous compounds. Molecules are transformed into charged-ion pairs, creating a current
between two electrodes. Each molecule has a characteristic icnization potential, which is the energy
required to remove an electron from the molecule, yieiding a positively-charged ion and the free electron.
The instrument measures this energy level.

This instrument measures the concentration of airborne photoionizable gases and vapors and
automatically displays and records these concentrations. It does not distinguish between individual
substances. Readings displayed represent the total concentration of all photoionizable chemicals present
in the sample. This instrument is factory set to display concentration in units of ppm or mg/m®.

The 2020 instrument is easy to operate. The meter display updates itself once per second.
Concentrations are directly displayed on the readout.

2020 also performs short-term exposure limit (STEL), time-weighted average (TWA) and PEAK
calculations. You can view any of these resuits, but only one mode may be viewed at a time.

2020 has 6 keys for alphanumeric entry and for accessing multiple functions. The lfeys are used to set
up and calibrate 2020. They allow you to manipulate the concentration data in various ways.

All information entered with the keys and stored in 2020's memory is retained when the instrument is
switched off. The clock and calendar continue to operate and do not need to be set each time 2020 is
turned on.

5.1.1 Dispiays
The 2020 has a meter display for reporting detected concentration, and a display used to display status

information and guide you through configuration options. All functions of the 2020 will be controlled or
reported using one of these displays.

Brown & Root Environmental
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5111 Meter Display ' - —

The meter display is a 4-digit display. It will always be used for reporting detected concentration. When
the detector and pump are off, the meter display will be blank.

In order to accommodate the range of concentrations 2020 can detect, the meter reading will be
reported using one of 2 resolutions. A resolution of 0.1 will be used for concentrations below 100 ppm,
and a resolution of 1 will be used for concentrations above 100 ppm.

5.1.1.2 Status Display

The status display is a 2 line by 16 character display. The top line is used to display status information
and prompts you for information. The bottom line is used for soft key names. Up to 3 names can be

displayed for the 3 soft keys. If a name does not appear for a soft key, then the soft key has no
associated function.

5.1.2 Keys

5.1.2.1 Fixed Keys

The three round keys below the soft keys each have a fixed function. The first key is the ON/OFF key,
the middie key is the EXIT key, and the last key is the ENTER key.

The ON/OFF key is used to both turn power on to the 2020 as well as turn the power off. To tum on
2020, press the ON/OFF key. To turn the power off, press the ON/OFF key and hold it down for 2
seconds, and then release it. This is done to prevent accidental power off.

The EXIT key provides a way of returning to the default display. In the functional map, the soft keys
allow you to advance and the EXIT key provides a way to go back. If you are at the initial entry of the
menu, EXIT will return you to the default display.

The ENTER key has a context sensitive function. When you are operating or navigating through the
function map, the ENTER key is used to exit the functions and return you to the defauit display. When
entering data such as a name, number, date, or time, ENTER is used to confirm the entry.

5.1.2.2 Soft Keys

The three soft keys on 2020 are located directly below the status display. Each key has varying functions
for configuring 2020, editing the data logger, and controlling the display. Since only three soft keys are
available, each function is broken down into a path.

5.1.23 Entering Text With the Soft Keys

For all information that you must enter, the left, center, and right soft keys correspond to the up, down,
and right arrow.

The up and down arrows are used to change the character highlighted by the cursor. The right arrow
is used to advance the cursor to the next character on the right. When the cursor is advanced past the
right most character, it wraps around to the first character again. To accept the changes, press the
ENTER key. To ignore the change, press EXIT.
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Formatting characters, such as the colon () in the time, the decimal (.) in a concentranon. and the slash

(/) in the date are skipped when advancing the cursor.

All inputs are an 8 character input, which is displayed on the right side of the top line of the status
dispiay. The prompt, describing the input, occupies the left half of the top line. The soft keys are defined
on the bottom line of the status display.

5.2 Defauilt Dispiay

The meter display shows the detected concentration. The resoiution of the display changes with the
magnitude of the reading. A reading of 0 to 99.9 will be displayed with a resolution of 0.1 ppm or
mg/m®. A reading greater than 99.9 will be shown with a resolution of 1 ppm or mg/m®. The meter will
display concentrations up to 2000 ppm or 2(XX) mg/m

The status display is used to display the instrument status, date, time, units, and active soft keys.

The default display provides the following information: instrument status, current detected concentration,
time, date, and measurement units. The status display toggies between showing time and units and then
the date.

When the display mode is MAX, the date and time correspond to the date and time the MAX
concentration was recorded. In TWA mode, the time represents the number of hours and minutes during
which the TWA has been accumulating. For PEAK and STEL monitoring, the date and time correspond
to the current date and time.

5.3 Monitoring
531 instrument Status

The instrument status is shown on the left of the first line of the status display and on the Table and
Graph outputs. Each status has a priority assigned to it. If more than one status is in effect, then the
status with the highest priority is displayed until the condition is corrected or until the option is turned
oft.

5.3.2 Alarms

While operating the instrument, any one of three alarm conditions can occur. To accurately identify the
source of the alarm, each type of alarm has been given a unique status.

In addition to the status, 2020 aiso has an audible alarm and a visual alarm LED. To conserve power,
the 2020 alternates between these two alarm indicators, rather than operating both concurrently.
Different alarms are identified by the frequency at which the 2020 alternates as follows: PEAK alarm-6
times per second; STEL alarm-2.5 times per second; and TWA alarm-1.25 times per second.

The left soft key is used for acknowledging alarms, and is named "Ack." If no alarm exists, then the “Ack"
key is not shown. To clear the alarm, press the "Ack” key. Once acknowledged, the alarm indicators
are cieared. The alarm status will remain until the alarm condition clears.

2020 updates the peak concentration once every second. Foliowing every update, the peak
concentration is compared to the peak alarm level, and if exceeded, an alarm is triggered.

Brown & Root Environmental




Subject Number Page
PHOTOVAC 2020 PHOTOIONIZATION ME-12 7 of 21
0 05/01/96

it 15 minute average exceeds the selected STEL, a STEL alarm is generated.

The TWA alarm is generated when the current average of concentration, since the TWA was last cleared,
has exceeded the TWA exposure iimit.

During calibration, all alarms are disabled. Once the calibration is complete the alarms are re-enabled.

5.4 STEL, TWA, MAX. and PEAK Operation

The 2020’s meter dispiay can be configured to show one of four values: STEL, TWA, PEAK, and MAX.
5.4.1 Short-term Exposure Limit (STEL) Mode

The Short-term Exposure Limit (STEL) mode displays the concentration as a 15 minute moving average.
2020 maintains 15 samples, each representing a one-minute averaging interval.

Once every minute, the oldest of the 15 samples is replaced with a new one minute average. This
moving average provides a 15-minute average of the last 15 minutes with a one-minute update rate.

Since the average is calculated using 15 one-minute averages, the meter dispiay will only update once
every minute.

STEL is set to zero each time the instrument is turned on. Since STEL is a 15-minute moving average,
there is N0 need to clear or reset the STEL

STEL calculations are always being performed by 2020. You can dispiay the resuits of the calculations
by selecting STEL as the Display mode.

5.4.2 Time-weighted Average (TWA) Mode

The TWA accumulator sums concentrations every second until 8 hours of data have been comblngd.
If this value exceeds the TWA alarm setting, a TWA alarm is generated. The TWA is not calculated using

a moving average. Once 8 hours of data have been summed, the accumulation stops. in order to reset
the TWA accumulator, press the "Cir* key.

This sum wili only be complete after 8 hours, so the meter displays the current sum divided by 8 hours.
While you are in TWA mode, the time on the status display will show the number of minutes and hours

of data that TWA has accumulated. When this reaches 8 hours 2020 stops accumulating data and the
TWA is complete.

TWA calculations are always being performed by 2020. You can display the resuits of the calculations
by selecting TWA as the Display mode.

5.4.3 MAX Mode

The MAX mode displays the maximum signal, with the date and time that it was recorded. 2020
continues to log data according to the selected averaging interval, but only the maximum detected
concentration is displayed on the meter display.

The right soft key is used to clear the meter when displaying MAX. The “Clr" key only affects the reading
that the meter is displaying. For example, if you display the MAX reading, and you press "Cir,” only the
MAX value is cleared. The TWA is still accumuiating in the background.
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544  PEAK Mode

The PEAK mode displays the current detected concentration. The reading is updated once a second.
In the background, the 2020 data logger is sampling the concentration and measuring minimum,
maximum, and average concentrations for the selected averaging interval. At the end of every interval,
one entry is placed in the data logger until the data logger is full. Typical application concerning the use
of this instrument is operated in this mode. Operation within the other specialized modes are the
responsibility of the SSO.

5.5 Set Functions

Set functions are used to setup 2020. There are three functlons which can be set on the 2020:
Calibration, Pump and Clock.

5.5.1 Pump

The Pump function is used to control the pump. After selectmg Set Pump, 2020 responds by displaying
the new pump status.

The detector is also tumed off when you turn the pump off. This prevents the detector from belng
damaged when there is no sample flowing through the detector.

When the pump and the detector are off, the meter display will be blank. Tum the pump and detector
off when concentration measurements are not necessary, and 2020 will only be used for reviewing data
or generating reports. By operating the instrument with the pump and detector off when you do not
need them, you will conserve the lives of the battery and ultraviolet (UV) lamp.

1. Press the ENTER key. The top line of the status display changes to "Select?”. The bottom line
displays 3 soft key names: "Set.” "Log,” and "Disp.”

2 Press the soft key below “Set.

3. The names of the soft keys change to refiect the Set options. The display now shows 3 devices
which can be set: “Clock,” "Pump,” and “Cal." Press the "Pump” key.

4. The 2020 turns the pump off. If tt:ne pump was off, pressing "Pump” will tum the pump on.

5. A message will be displayed to show you the status of the pump. 2020 reverts back to the
previous menu after a few seconds.

6. To return to the default dispiay, press the ENTER key.
55.2 Clock

The Clock function is used to set both the current date and time.
1. Press the ENTER key.

2 Press the "Set” key.

3. Whentt\enamesofmesdtkeyschange.prmme'dock'key.

Boreun L Rt Ervironmental
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"The up and down arrows are used to change the character underlined by the cursor. The right
arrow is used to advance the cursor to the next character on the nght. When the cursor is
advanced past the right-most character, it wraps around to the first character again.

Formatting characters, such as the colon (:) in the time and the slash (/)' in the date are skipped
when advancing the cursor.

4, Use the "arrow keys" to enter the correct time. The time is formatted as Hour:Minute:Second.
5. Press the ENTER key to confirm the time and move to the date option.

6. When setting the date, the 2020 prompts you for the current date formatted as Year/Month/Day.
Use the "arrow keys" to enter the correct date.

7. Press the ENTER key to confirm the date and return to the Set options. You can wait for the
display to timeout or press ENTER to return to the default display.

5.5.3 Calibration (Cal)

Cal aliows you to setup and calibrate 2020. You have three options under the Cal function: "Zero,”
Span," and "Mem.*

A calibration memory consists of a name, a response factor, and PEAK, TWA, and STEL alarm levels.

The "Zero" and "Span” keys are covered in detail in the manufacturer's operations manual for the
instrument.

To edit fhe calibration memory, select “"Mem" and then "Chng." The 2020 prompts you with two new soft
keys: "User" and "Ub."

5.5.4 Library (Lib)

Library selections simplify Cal Memory programming, and provide standard response factors for
approximately 70 applications. "Lib" allows you to select an entry from a pre-programmed library. The
name, response factor, and three alarm levels are all set from the library. To select a library entry to
program the selected Cal Memory:

1. Select “Set,” "Cal,” "Mem," “Chng," and "Lib."

2. Use the “Next" and “Prev” keys to scroli through the list. See the manufacturer's manual Appendix
8.7 for a list of the library entries.

5.6 Preparing for Fleid Operation of the Photovac 2020
Turning 2020 On

1. Tum 2020 on by pressing the ON/OFF key.

2. 2020 will display the software version number. Walt for the 2020 to proceed to the defauit display.

3. Allow 10 minutes for the instrument to warm up and stabilize.
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4. Press the Enter Key. The defauit display will provide 3 soft key selection "Set," "Log," and

10.

*Display.”
Press “Set” From this option 3 other soit key selections wili be offered: "Pump,” "Clock,” and
.w..

Press “Cal." This will begin the calibration sequence. The first selection is to Zero the instrument.

Press Enter, zeroing will begin. (Note: When employing zero gas attach and actlvate Zero gas
supply at this time.)

The next selection offered will be Span. Press Enter at which time the concentration will be
requested. The isobutylene calibration gas emp!oyed under general service will be marked on the
side of the container. Use the soft keys to toggie into position and to iog the concentration. Once
the concentration is logged press "Enter. The direction or status dispiay will indicate spanning.
At this time hook up the span gas with a regulator to the Photovac 2020, and open it to supply
enough flow to elevate the flow rate indicator to the green indicator una (1/8" from the rest
position).

Once spanning is complete, the alarms which have been disabled during calibration will activate
indicating that calibration is complete.

Document this calibration procedure using a Document of Callbration form as illustrated in
Figure 5-1.

This instrument is ready for general purpose application.

Calibration is to be performed daily or prior to each use in accordance with Section 5.6 of this SOP.

5.7 Maintenance and Calibration Schedule
Function Frequency
Routine Callibration Prior to each use
Factory inspection and Calibration Once a year, or when malfunctioning
Wipe Down the Outer Casing of the Unit After each use
Clean UV Light Source Every 24 hours of operation
Sampile Inlet Filter Change on a weeldy basis or as required by level of
use
Battery charging After each use
Clean ionization chamber Monthly

Brown & Root Environmental
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FIGURE 5-1

DOCUMENTATION OF FIELD CALIBRATION

SITE NAME: PROJECT NO.:
instrument B&R Person instrument Settings/Readings Calibration
cm:'m Name and - m”r::‘n:';';' Performing Standard | Remarks/ Comments
Model LD, Calibration Pre-Calibration | Post-Calibration (Lot Number)

Reading

Number Setting

HOLINOW HIV

NOILVYZINOIOLOHd 0202 OVYAOLOHd

weigqng
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sequiny
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5.7.1 Cleaning the UV Light Source Window

1. Turn the FUNCTION switch to the OFF position. Use 2020 muiti-tool and remove lamp housing
cover.

2, Tilt the lamp housing with one hand over the opening, slide the lamp out of the housing.
3. The lamp window may now be cleaned with any of the following compounds using lens paper:

a 11.7 eV Lamp - Dry Aluminum Oxide Powder (3.0 micron powder)
b. HPLC Grade Methanol - All other lamps

4. Following cleaning, reassembie by first sliding the lamp back into the lamp housing. Replace
o-ring as necessary, reinstall lamp housing cover, tighten using 2020 muiti-tool. (Do not over
tighten).

5.  Recalibrate as per Section 5.6.

5.7.2 Cleaning the lonization Chamber

1. Turm the FUNCTION switch to the OFF position and remove the lamp housing cover and lamp as
per Section 5.7.1. '

2. Using a gentle jet of compressed air, gently blow out any dust or dirt.

3. Following cleaning, reassembie by first sliding the lamp back into the iamp housing. Replace
o-ring as necessary, reinstall lamp housing cover, tighten using 2020 muiti-tool. (Do not over

tighten).
4, Recalibrate as per Sectioﬁ 5.6. '
5.8 instrument Advantages
The Photovac 2020 is easy to use in compatison to many other types of monitoring instrumentation. its
detection limit range is in the low parts-per-million range. Response time rapidly reaches 90 percent

scale of the indicated concentration (less than 3 seconds for benzene). This instrument’s automated
performance covers multiple monitoring functions simuitaneously, incorporating datalogging capabiiities.

5.9 Limitations of the Photovac 2020 Photoionization Monitor

° Since the 2020 Is a nonspecific total gas/vapor detector, it cannot be used to identify unknown
chemicals; it can only quantitate them in relationship to a calibration standard (relative response
ratio).

° For appropriate application of the 2020, lonization potentials of suspected contaminants must be
known.
® Because the types of compounds that the 2020 can potentially detect are only a fraction of the

chemicals possibly present at a hazardous waste site or inckient, a background or zero reading
on this instrument does not necessarily signify the absence of air contaminants.

Brown & Root Environmental
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°

5.9.1

- The 2020 instrument can monitor only certain vapors and gases in aif. Many nonvolatile liquids.

toxic solids, particulates, and other toxic gases and vapors cannot be detected.

PID's are generally not specific. Their response to different compounds is relative to the
calibration gas used. This is referred to as relative response ratio. Instrument readings may be
higher or lower than the true concentration. This can be an especially serious problem when

monitoring for total contaminant concentrations if several different compounds are being detected
at once.

The 2020 is a small, portable instrument which cannot be expected to yieid resuits as accurately
as laboratory instruments.

Variables Affecting Monitoring Data

Monitoring hazardous waste site environment can pose a significant challenge in assessing airborne
concentrations and the potential threats to site personnel. Several variables may influence both
dispersion and the instrument’s ability to detect actual concentrations. Some of the variables which may
impact these conditions are as foliows:

6.0
6.1

When

Temperature - changes in temperature or pressure will influence volatization, and effect airborne
concentrations. Additionally, an increase or decrease in temperature ranges may have an adverse
effect on the instrument'’s ability to detect airborne concentrations.

Humidity - excessive levels of humidity may interfere with the accuracy of monitoring resuits.

Rainfall - through increased barometric pressure and water may influence dispersion pathways
effecting airborne emissions.

Electromagnetic interference - high voltage sburces. generators, other electrical equipment may
interfere with the operation and accuracy of direct-reading monitoring instruments.

TROUBLESHOOTING

Fault Messages

the "Fault" status is displayed, 2020’s operation is comprised.

Fauit 1: Signai from zero gas is too high.

Cause:

Cause:

If another fauit occurred while 2020 was setting its zero point, then this fauit is displayed.
Action: Ensure no faults are occurring and calibrate 2020 again.

Contamination of sample line, sample line, sample probe or fittings before the detector.
Action: Clean or replace the sample line, sample probe or the inlet filter.

Span gas and zero air are mixed up. -

Action: Ensure clean air is used to zero 2020. lfyouarausinggasbags,mrkthe
calibration and zero gas bags ciearly.

moammna s i
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Cause: Ambient air is contaminated.
‘ 'Actlon: Iif you_are unsure ab-out the quality of ambient air, use a supply of commercial
Zero grade air to zero 2020.
Fault 2: Signal from span gas is too small.
Cause: Operator may have confused the span gas and zero air.
Action: Ensure clean air is used to zero 2020. !f you are using gas bags, mark the

calibration and zero gas bags clearly.
Action: Ensure the span gas is of a reliable concentration.
Cause: UV lamp window is dirty.
Note: Do not remove the detector lamp in a hazardous location.
Action:  Clean the UV lamp window. )
Cause: UV lamp is failing.
Note: Do not remove or repiace the detector lamp in a hazardous location.
Action: Install a new UV lamp.
Cause: Incompatible application.
Action: The concentration and sample gas are incompatible for use with 2020.
Fauit 3: UV lamp fault. UV lamp has not started.
Cause: UV lamp has not started immediately.

Action: This fault may be seen momentarily when 2020 is first turned on. Allow 30 to
60 seconds for the UV lamp to start and the fauit to clear.

Cause: UV lamp serial number label is blocking the photocell.
Note: Do not remove or replace the detector lamp in a hazardous location.

Action: If you have a UV lamp with a white serial number label, it is possible that the
label is biocking the photocell. Rotate the lamp approximately 90 degree and
then try to start 2020 again. |f the fault persists, replace the lamp.

Cause: UV lamp not instalied.
Note: Do not remove or replace the detector lamp in a hazardous location.

Action: instali a UV lamp.

ntos11/P : . Brown & Root Environmental
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Cause: ‘UV lamp has failed: - -

Note: Do not remove or replace the detector lamp in a hazardous location.

Action: Instali a new UV lamp.
Cause: Electronic problem.
Action: If a new UV lamp still generates this fault, then contact the Photovac Service

-~ o b s om0

Na
wepaiuiiei.

Fauit 4: Pump current too low or too high.

Cause: If the pump sounds labored, then the pump is operating beyond normal operating
parameters. '
Action: Check for an obstruction in the sample line. Make sure sample line, sample

probe or iniet filter are not plugged.

Note: Do not replace the inlet filter in a hazardous location.

Action: Replace the iniet filter.
Action: Ensure the sample outlet, iocated on the underside of 2020, is not obstructed.
Cause: UV lamp is too wide, causing flow to be restricted.

Note: Do not remove or replace the detector lamp in a hazardous location.

Action: If you have a UV lamp with a white serial number label, it is possible that the
lamp is too wide for the lampholder. Contact the Equipment Manager.

Cause: 2020 has been exposed to'a solvent that can pass through the inlet filter and liquid has
been aspirated.

Action: Contact the Equipment Manager.
Cause: The pump has failed.
Action: Contact the Equipment Manager.
6.2 Specific Problems
Problem: Very iow or no instrument response detected, yet compounds are known to be present.
Cause: 2020 has not been callbrated propery.

Action: Ensure the calibration gas is of a reliable concentration and then calibrate the
instrument as outlined in Section 3.2 or 3.3 of the User's Manual.
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After the instrument has been calibrated, sample the bag of calibration gas.
A reading equivalent to the calibration gas should be displayed. If not, contact
the Equipment Manager.
Note: Do not remove or recharge the battery péck in a hazardous location.
Action: Disconnect the battery charger before calibrating 2020.

Cause: Calibration Memories have not been programmed correctly.

Action: Program all the calibration memories you require for your application. You
must use the correct calibration gas and concentration for each Cal Memory.

Cause: Response factor has been set to zero.
Action: Enter the correct response factor. Refer to Appendix 8.6 for a list of response

factors. If the compound is not listed in Appendix 8.6 or you are measuring
gas mixtures, then enter a vaiue of 1.0. See User's Manual.

Cause: You are not using the correct Cal Memory.
Action: Select the correct Cal Memory for your application.

Note: It does not matter which Cal Memory is selected or which response factor is entered.
2020's response is not specific to any one compound. The reading displayed represents
the total concentration of all ionizable compounds in the sample.

Cause: Detector is leaking. A decrease in sensitivity may be due to a leak in the detector.

Note: Do not remove or replace the detection ilamp in a hazardous location.

Action: Ensure the UV lamp has been installed correctly.

Action: Ensure the lamp cover has been tightened down. Do not overtighten the
cover.

Action: Ensure the o-ring seal on the lamp cover is positioned correctly.
Cause: UV lamp is too long, causing flow to be restricted.

Note: Do not remove or replace the detector lamp in a hazardous location.

Action: If you have a UV lamp with a white serial number label, it is possible that the
lamp is too long for the lampholder. Replace the lamp and contact the
Equipment Manager.

Cause: UV lamp is too wide, causing flow to be restricted.

Nate: Do not remove orreplace‘me detector lamp in a hazardous location.

019811/P Brown & Root Environmental
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Cause:

Cause:
Note:

Cause:

Cause:

Cause:

Cause:

Action: If you have a UV lamp with a white serial number-fabel, it is possibie that the
lamp is too wide for the lampholder. Contact the Equipment Manager.

Sampling environment is extremely humid.

Action: Water vapor is not ionized by the PID, but it does scatter and absorb the light
and resuits in a lower reading.

The 2020 detector has been designed to operate under high humidity
conditions. Under extreme conditions you may notice decreased response
due to humidity.

UV lamp is failing.

Do not remove or replace the detector lamp in a hazardous location.

High concentration of non-ionizable compounds.

Action: Chemical compounds, such as methane. with IPs greater than the 10.6 8V
scatter and absorb the UV light. Sensitivity may be decreased significantly.

Application with high backgrounds of such materials, may be incompatible
with 2020. Contact the Photovac Applications Group for more information.

Problem: Erroneously high readings.

Sampling environment is extremely humid.

Action: Water vapor may contain mineral saits which carry a charge. The water vapor
becomes an electrolytic solution which becomes ionized when it enters the
detector.

Atmospheric water in areas around the sea or stagnant water may produce a
response in the absence of contaminants. The same effect may be seen when
conducting ground water investigations in areas where the water is hard
because it contains a significant concentration of minerals.

2020 has not been calibrated properiy.

Action: Ensure the calibration gas is of a reliable concentration and then calibrate the
instrument as outlined in Section 5.6.

After the instrument has been calibrated, sampie the bag of calibration gas.
A reading equivaient to the calibration gas should be displayed. If not contact
the Equipment Manager.

Cal Memories have not been programmed correctly.
Action: Program all the Cal Memories you require for your application. Youmustu'so

the correct calibration gas and concentration for each Cal Memory. See
Section 3.4, of the User's Manual.

AIAD e e ID
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Cause: You are not using the correct Cal Memory.
Action: Select the correct Cal Memory for your application. See Section 3.2.2 or

3.3.2, of the User's Manual.

Note: It does not matter which Cal Memory is selected or which response factor is entered.
2020’s response is not specific to any one compound. The reading displayed represents
the total concentration of all ionizable compounds in the sample.

Cause: Detector has been short circuited by foreign matter in the detector cell.

Note: Do not service 2020 in a hazardous location.

Action: Do not touch the wire grid inside the detector cell. Use a gentle jet of
compressed air to remove any dust in the detector cell.

Warning: Do not insert any object, other than the UV lamp, into the lampholder.
Cause: There is an undetermined problem.
Action: Contact the Equipment Manager.
Problem: Date and time settings are not retained.
Cause: The battery pack has been removed before 2020 was turned off.
Note: Do not remove or recharge the battery pack in a hazardous location.

Action: Replace the battery pack and reset the time and date. Ensure 2020 has been
tumed off before removing the battery pack.

Cause: 2020 has not been used for 3 months or more and the internal battery (not the external
battery pack) has discharged.

Note: Do not remove or recharge the battery pack in a hazardous location.
Action: Connect 2020 to the AC adapter and turn 2020 on. Tumn the pump off. While
2020 is running the internal battery is charging Leave the instrument running
for approximately 24 hours.

Problem: instrument status shows "Over.*

Cause: High concentrations of gases and vapors will cause a rapid change in signal level. The
detector and associated electronics may become temporarily saturated.

Action: Walt a few seconds for the status to return to normal. PIDs are designed to
detect relatively low concentrations of gases and vapors. Exposure to very
high concentrations may result in a very high or maximum response.

Cause: The detector has become saturated.

Rrown & Root Environmemal
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Action: Move 2020 to a location where it can sample clean air. Sample clean air untif
the reading stabilizes around 0.

Cause: Detector has been short circuited by foreign matter in the detector cell.
Note: Do not service 2020 in a hazardous location.

Action: Do not touch the wire grid inside the detector cell. Use a gentie jet of
compressed air to remove any dust or dirt in the detector cell.

Warning: Do not insert any object, other than the UV lamp, into the lamphoider.
Cause: There is an undetermined problem.
Action: Contact the Equipment Manager.
Problem: Display is blank.
Cause: Battery pack is critically low.

Note: Do not remove or recharge the battery pack in a hazardous location.

Action: Replace the battery pack or connect 2020 to the AC adapter.
Cause: The battery pack is not connected to the instrument correctly.
Action: Ensure the battery pack connector is securely attached to the connector on
2020.
Cause: There is an undetermined probiem.
Action: Reset 2020. You must leave the instrument on while you disconnect the

battery pack. This will reset the instrument. Reconnect the battery pack and
close the battery hatch. Tum on 2020, set the time and date and program all
the calibration memories that you are using.
Action: Contact the Equipment Manager.
Problem: Sample flow rate is less than 300 mi/min.
Cause: Indet filter is plugged.
Note: Do not replace the inlet filter in a hazardous location.
Action: Replace inlet filter.
Cause: Inlet filter has not been installed property.
Action: Ensure that the inlet fiter has been installed correctly.

Cause: UV lamp is too long, causing flow to be restricted.
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Note: Do not remove or replace the detector lamp in a hazardous location.
Action: If you have a UV lamp with a white serial number label, it is possible that the
lamp is too long for the iamphoider. Replace the lamp and contact the
Equipment Manager. :
Cause: UV lamp is too wide, causing flow to be restricted.

Action: If you have a UV lamp with a white serial number label, it is possible that the
lamp is too wide for the lamphoider. Contact the Equipment Manager.

Cause: 2020 has been exposed to a solvent that can pass through the inlet filter and liquid has
been aspirated.

Action: Contact the Equipment Manager.

Cause: Sample outlet is obstructed.

Action: Ensure the sample outlet is? not obstructed in any way.
Cause: Pump has been damaged.

Action: Contact the Equipment Manager.

Problem: Liquid has been aspirated.
Cause: 2020 has been exposed to a solvent that can pass through the inlet filter.

Action: Contact.the Equipment Manager.

Problem: Corrosive gases and vapors have been sampled.
Cause: 2020 has been exposed to corrosive gases and vapors.

Action: Corrosive gases and vapors can affect the electrodes within the detector as
well as the lamp window. Prolonged exposure to corrosive materials may
result in permanent fogging or etching of the window. [f 2020 is exposed to
cofrosive material, contact the Equipment Manager.

7.0 SHIPPING

The Photovac may be shipped as cargo or carried on as luggage providing there is no calibration gas
cylinder accompanying the kit. When shipping or transporting the calibration gas, a Hazardous Airbill
including the information as stipulated in Figure 7-1 will be entered.

8.0 REFERENCES

Photovac 2020 Photoionization Monitor User's Manual, 1995.

nAiBR44 /D

Brown & Root Environmental



Subject Num&r Page
PHOTOVAC 2020 PHOTOIONIZATION ME-12

21 of 21
AIR MONITOR -

0 _ 05/01 .96

FIGURE 7-1

EXAMPLE OF A HAZARDOUS AIRBILL FOR ISOBUTYLENE
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1.0 PURPOSE

The purpose of this procedure is to describe the methods and equipment necessary to perform sofl and
rock borings and identify the equipment, sequence of events, and appropriate methods necessary to
obtain soil, both surface and subsurface, and rock samples during field sampling activities.

2.0 SCOPE

This guideline addresses most of the accepted and standard drilling techniques, their benefits, and
drawbacks. It should be used generally to determine what type of drilling techniques would be most
successful depending on site-specific geologic conditions and the type of sampling required.

The sampling methods described within this procedure are applicable to collecting surface and
subsurface soil samples, and obtaining rock core sampies for lithologic and hydrogeologic evaluation,
excavation/foundation design and related civil engineering purposes.

3.0 GLOSSARY

Rock Coring - A method in which a continuous solid cylindrical sample of rock or compact rock-like soil
is obtained by the use of a double tube core barrel that is equipped with an appropriate diamond-
studded drill bit which is advanced with a hydraulic rotary drilling machine.

Wire-Line Coring - As an alternative to conventional coring, this technique is valuable in deep hole drilling,
since this method eliminates trips in and out of the hole with the coring equipment. With this technique,
the core barrel becomes an integral part of the drill rod string. The drill rod serves as both a coring
device and casing.

4.0 RESPONSIBILITIES

Project Manager - In consultation with the project geologist, the Project Manager is responsible for
evaluating the drilling requirements for the site and specifying drilling techniques that will be successful
given the study objectives and geologic conditions at the site. The Project Manager also determines the
disposal methods for products generated by drilling, such as drill cuttings and well development water,
as well as any specialized supplies or logistical support required for the drilling operations.

Field Operations Leader (FOL) - The FOL is responsible for the overall supervision and scheduling of
drilling activities, and is strongly supported by the project geologist.

Project Geologist - The project geologist is responsible for ensuring that standard and approved drilling
procedures are followed. The geologist will generate a detailed boring log for each test hole. This log
shall include a description of materials, samples, method of sampling, biow counts, and other pertinent
drilling and testing information that may be obtained during drilling (see SOPs SA-6.3 and GH-1.5). Often
this position for inspecting the drilling operations may be filled by other geotechnical personnel, such as
soils and foundation engineers, civil engineers, etc.

Determination of the exact location for borings is the responsibility of the site geologist. The final
location for drilling must be properly documented on the boring log. The general area in which the

borings are to be located will be shown on a site map included in the Work Plan and/or Sampling and
Analysis Plan.
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Drilling Subcontractor - Operates under the supervision of the FOL. Responsible for obtaining all drilling
permits and clearances, and supplying all services (including labor), equipment and material required to
perform the drilling, testing, and well installation program, as well as maintenance and quality control of
such required equipment except as stated in signed and approved subcontracts.

The driller must report any major technical or analytical problems encountered in the field to the FOL
within 24 hours of determination, and must provide advance written notification of any changes in field
procedures, describing and justifying such changes. No such changes shall be made unless requested
and authorized in writing by the FOL (with the concurrence of the Project Manager).

The drilling subcontractor is responsibie for following decontamination procedures specified inthe pi'oject
plan documents. Upon completion of the work, the driller is responsible for demobilizing all equipment,
cleaning up any materials deposited on site during drilling operations, and properly backfilling any open
borings.

5.0 PROCEDURES
5.1 General
The purpose of drilling boreholes is:

e To determine the type, thickness, and certain physical and chemical properties of the soll,
water and rock strata which underlie the site.

o  To install monitoring wells or piezometers.

All drilling and sampling equipment will be cleaned between samples and borings using appropriate
decontamination procedures as outlined in SOP SA-7.1. Unless otherwise specified, it is generally
advisable to drill borings at “clean” ocations first, and at the most contaminated locations last, to reduce
the risk of spreading contamination between locations. All borings must be logged by the rig geologist
as they proceed (see SOPs SA-6.3 and GH-1.5). Situations where logging would not be required would
include instaliation of muitiple well points within a small area, or a "second attempt” boring adjacent to
a boring that could not be continued through resistant material. In the latter case, the boring log can
be resumed 5 feet above the depth at which the initial boring was abandoned, although the rig geologist
should still confirm that the stratigraphy at the redrilled location conforms essentially with that
encountered at the original location. If significant differences are seen, each hole should be logged
separately.

52 Drilling Methods

The selected drilling methods described below apply to drilling in subsurface materials, including, but not
limited to, sand, gravel, clay, siit, cobbles, boulders, rock and man-made fill. Drilling methods should be
selected after studying the site geology and terrain, the waste conditions at the site, and reviewing the
purpose of drilling and the overall subsurface investigation program proposed for the site. The full range
of different drilling methods applicable to the proposed program should be identified with final selection
based on relative cost, availability, time constraints, and how well each method meets the sampling and
testing requirements of the individual drilliing program.
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5.2.1 Continuous-Flight Hollow-Stem Auger Drilling -
This method of drilling consists of rotating augers with a holiow stem into the ground. Cuttings are
brought to the surface by the rotating action of the auger. This method is relatively quick and
inexpensive. Advantages of this type of drilling include:

e  Samples can be obtained without pulling the augers out of the hole. However, this is a poor
method for obtaining grab samples from thin, discrete formations because of mixing of solls
which occurs as the material is brought to the surface. Sampling of such formations requires
the use of split-barrel or thin-wall tube samplers advanced through the hollow core of the
auger. o

®  No drilling fluids are required.
¢ A well can be installed inside the auger stem and backfilled as the augers are withdrawn.
Disadvantages and limitations of this method of drilling include:

®  Augering can only be done in unconsolidated materials.

® The inside diameter of hollow stem augers used for well installation should be at least
4 inches greater than the well casing. Use of such large-diameter hollow-stem augers is
more expensive than the use of small-diameter augers in boreholes not used for well
installation. Furthermore, the density of unconsolidated materials and depths become more

of a limiting factor. More friction is produced with the larger diameter auger and
subsequently greater torque is needed to advance the boring.

e  The maximum effective depth for drilling is 150 feet or less, depending on site conditions and
the size of augers used.

e  In augering through clean sand formations below the water table, the sand will tend to flow
into the hollow stem when the plug is removed for soil sampling or well installation. [f the
condition of “running" or "flowing” sands is persistent at a site, an alternative method of
drilling is recommended, in particular for wells or boreholes deeper than 25 feet.

e  Hollow-stem auger drilling is the preferred method of drilling. Most alternative methods
require the introduction of water or mud downhole (air rotary is the exception) to maintain
the open borehole. With these other methods, great care must be taken to ensure that the
method does not interfere with the collection of a representative sample (which is the
objective of the borehole construction. With this in mind, the preferred order of choice of
drilling method after hollow-stem augering (HSA) Is:

- Cable tool

- Casing drive (air)
- Air rotary

- Mud rotary

- Rotosonic

- Drive and wash

- Jetting
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However, the use of any method will also depend on efficiency and cost-effectiveness. In many cases,
mud rotary is the only feasible aiternative to hollow-stem augering. Thus, mud rotary drilling is generally
acceptable as a first substitute for HSA.

The procedures for sampling soils through holes drilled by hollow-stem auger shall conform with the
applicable ASTM Standards: D1587-83 and D1586-84. The guidelines established in SOP SA-1.3 shall
also be followed. The hollow-stem auger may be advanced by any power-operated drilling machine
having sufficient torque and ram range to rotate and force the auger to the desired depth. The machine
must, however, be equipped with the accessory equipment needed to perform required sampiing, or rock

corinn
conng.

The holiow-stem auger may be used without the plug when boring for geotechnical examination or for
well installation. However, when drilling below the water table, specially designed plugs which allow
passage of formation water but not solid material shall be used (see Reference 1 of this guideline). This

drilling configuration method also prevents blow back and plugging of the auger when the plug is
removed for sampling.

Alternately, it may be necessary to keep the hollow stem full of water, at least to the level of the water
table, to prevent blowback and plugging of the auger. If water is added to the hole, it must be sampled
and analyzed to determine if it is free from contaminants prior to use. In addition, the amount of water
introduced, the amount recovered upon attainment of depth, and the amount of water extracted during
well development must be carefully logged in order to ensure that a representative sample of the
formation water can be obtained. Well development should occur as soon after well completion as
practicable (see SOP GH-2.8 for well development procedures). If gravelly or hard material is
encountered which prevents advancing the auger to the desired depth, augering should be haited and
either driven casing or hydraulic rotary methods should be attempted. If the depth to the bedrock/soil
interface and bedrock lithology must be determined, then a 5-foot confirmatory core run should be
conducted (see Section 5.2.9).

At the option of the Field Operations Leader (in communication with the Project Manager), when resistant
materials prevent the advancement of the auger, a new boring can be attempted. The original boring
must be properly backfilled and the new boring started a short distance away at a location determined
by the site geologist. If muitiple water bearing strata were encountered, the original boring must be
grouted. In some formations, it may be-prudent to also grout borings which penetrate only the water
table aquifer, since loose solil backfill in the boring may still provide a preferred pathway for surface
liquids to reach the water table.

522 Continuous-Flight Solid-Stem Auger Drilling

This drilling method Is similar to hollow-stem augering. Practical application of this method is severely
restricted compared to use of hollow-stem augers. Spilt-barrel (split-spoon) sampiing cannot be
performed without pulling the augers out, which may aflow the hole to collapse. The continuous-flight
solid-stem auger drilling method is therefore very time consuming and is not cost effective. Also, augers
would have to be withdrawn before installing a monitoring well, which again, may allow the hole to
collapse. Furthermore, geologic logging by examining the soils brought to the surface is unreliable, and
depth to water may be difficuit to determine while drilling.

There would be very few situations where use of a solid-stem auger would be preferable to other drilling
methods. The only practical applications of this method wouid be to drill boreholes for well installation
where no lithologic information is desired and the soils are such that the borehole can be expected to
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remain open after the augers are withdrawn. Altematively, this technique can be used to find depth to
bedrock in an area when no other information is required from dnlling

5.2.3 Rotary Drilling

Direct rotary drilling includes air-rotary and fluid-rotary drilling. For air or fiuid-rotary drilling, the rotary
drill may be advanced to the desired depth by any power-operated drilling machine having sufficlent
torque and ram range to rotate and force the bit to the desired depth. The drilling machine must,
however, be equipped with any accessory equipment needed to perform required sampling, or coring
Prior to sampling, any settied drill cuttings in the borehole must be removed.

Air-rotary drilling is a method of drilling where the drill rig simuitaneously turns and exerts a downward
pressure on the drilling rods and bit while circulating compressed air down the inside of the drill rods,
around the bit, and out the annuius of the borehole. Air circulation serves to both cool the bit and
remove the cuttings from the borehole. Advantages of this method include:

The drilling rate is high (even in rock).

The cost per foot of drilling is relatively low.

Alr-rotary rigs are common in most areas.

No drilling fluid is required (except when water is injected to keep down dust).

The borehole diameter is large, to allow room for proper well installation procedures.

Disadvantages to using this method inciude:

e Formations must be logged from the cuttings that are blown to the surface and thus the
depths of materials logged are approximate.

e  Alr blown into the formation during drilling may "bind" the formation and impede well
development and natural groundwater flow.

e In-situ samples cannot be taken, unless the hole is cased.
e  Casing must generally be used in unconsolidated materials.
e  Alir-rotary drill rigs are large and heavy.

A variation of the typical air-rotary drill bit is a down hole hammer which hammers the drill bit down as
it drills. This makes drilling in hard rock faster. Alr-rotary drills can also be adapted to use for rock
coring although they are generally slower than other types of core drills. A major application of the air-
rotary drilling method would be to drill holes in rock for well installation.

Fluid-Rotary drilling operates in a similar manner to air-rotary drilling except that a drilling fiuid ("mud")
or clean water is used in place of air to cool the drill bit and remove cuttings. There are a variety of
fluids that can be used with this drilling method, including bentonite slurry and synthetic slurries. If a
drilling fluid other than water/cuttings is used, it must be a natural clay (.e., bentonite) and a

"background” sample of the fluid should be taken for analysns of possible organic or inorganic
contaminants.
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Advantages to the fluid-rotary drilling method include:

‘e The ability to drill in many types of formations.
o  Relatively quick and inexpensive.

e  Split-barrel (split-spoon) or thin-wall (Shelby) tube samples can be obtained without removing
drill rods if the appropriate size drill rods and bits (i.e., fish-tail or drag bit) are used.

® In some borings temporary casing may not be needed as the drilling fiuids may keep the
borehole open.

e  Drill rigs are readily available in most areas.
Disadvantages to this method include:

e  Formation logging is not as accurate as with holiow-stem auger method if split-barrel (split-
spoon) sampies are not taken (i.e., the depths of materials logged from cuttings delivered to
the surface are approximate).

e Drilling fluids reduce permeability of the formation adjacent to the boring to some degree,
and require more extensive well development than “dry* techniques (augering, air-rotary).

e No information on depth to water is obtainable while drilling.

e  Flulds are needed for drilling, and there is some question about the effects of the drilling
fluids on subsequent water samples obtained. For this reason as well, extensive well
development may be required.

e In very porous materials (i.e., rubble fill, boulders, coarse gravel) drilling fiuids may be
continuously lost into the formation. This requires either constant replenishment of the drilling
fluid, or the use of casing through this formation.

e  Drill rigs are large and heavy, and must be supported with supplied water.
e  Groundwater samples can be potentially diluted with drilling fluid.

The procedures for performing direct rotary soil investigations and sampling shall conform with the
applicable ASTM standards: D2113-83, D1587-83, and D1586-84.

Soil samples shall be taken as specified by project plan documents, or more frequently, if requested by
the project geologist. Any required sampling shall be performed by rotation, pressing, or driving in
accordance with the standard or approved method governing use of the particular sampling tool.

When field conditions prevent the advancement of the hole to the desired depth, a new boring may be
drilled at the request of the Field Operations Leader. The original boring shall be backfilled using
methods and materials appropriate for the given site and a new boring started a short distance away at
a location determined by the project geologist.
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524 Rotosonic Drilling

The Rotosonic drilling method employs a high frequency vibrational and low speed rotational motion
coupled with down pressure to advance the cutting edge of a drill string. This produces a uniform
borehole while providing a continuous, undisturbed core sampie of both unconsolidated and most
bedrock formations. Rotosonic drilling advances a 4-inch diameter to 12-inch diameter core barrel for
sampling and can advance up to a 12-inch diameter outer casing for the construcito of standard and
telescoped monitoring wells. During drilling, the core barrel is advanced ahead of the outer barrel in
increments as determined by the site geologist and depending upon type of material, degree of
subsurface contamination and sampling objectives.

The outer casing can be advanced at the same time as the inner drill string and core barrel, or advanced
down over the inner drill rods and core barrel, or after the core barrel has moved ahead to collect the
undisturbed sample and has been pulled out of the borehole. The outer casing can be advanced dry
in most cases, or can be advanced with water or air depending upon the formations being drilled, the
depth and diameter of the hole, or requirements of the project.

Advantages of this method include:
e  Sampling and well installation are faster as compared to other drilling methods.
e  Continuous sampling, with larger sampie volume as compared to split-spoon sampling.

e  The ability to drill through difficult formations such as cobbles or boulders, hard till and
bedrock.

e  Reduction of IDW by an average of 70 to 80 percent.

e  Waell instaliations are quick and controlied by elimination of potential bridging of annular
materials during well installation, due to the ability to vibrate the outer casing during removal.

Disadvantages include:

®  The cost for Rotosonic drilling as compared to other methods are generally higher. However,

the net resuit can be a significant savings considering reduced IDW and shortened project
duration.

& Rotosonic drill rigs are large and need ample room to drill, however, Rotosonic units can be
placed on the ground or placed on an ATV.

e  There are a limited number of Rotosonic drilling contractors at the present time.

5.2.5 Reverse Circulation Rotary Drilling

The common reverse-circulation rig is a water or mud-rotary rig with a large-diameter drill pipe which
circulates the drilling water down the annulus and up the inside of the drill pipe (reverse flow direction
from direct mud-rotary). This type of rig is used for the construction of large-capacity production water
wells and is not suited for small, water quality sampling wells because of the use of drilling muds and
the large-diameter hole which is created. A few special reverse-circulation rotary rigs are made with

double-wall drill pipe. The drilling water or air is circulated down the annulus between the drill plpes and
up inside the inner pipe.

)
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Advantages of the latter method include:

e The formation water is not contaminated by the drilling water.
e Formation samples can be obtained, from known depths.

e  When drilling with air, immediate information is available regarding the water-bearing
properties of formations penetrated.

e  Collapsing of the hole in unconsolidated formations is not as great a problem as when drilling
with the normal air-rotary rig.

Disadvantages inciude:
e  Double-wall, reverse-circulation drill rigs are very rare and expensive to operate.

e Placing cement grout around the outside of the well casing above a well screen often is
difficult, especially when the screen and casing are placed down through the inner drill pipe
before the drill pipe is puiled out.

5.2.6 Drill-through Casing Driver

The driven-casing method consists of alternately driving casing (fitted with a sharp, hardened casing
shoe) into the ground using a hammer lifted and dropped by the drill rig (or an air-hammer) and cleaning
out the casing using a rotary chopping bit and air or water to flush out the materials. The casing is
driven down in stages (usually 5 feet per stage); a continuous record is kept of the blows per foot in
driving the casing (see SOP GH-1.5). The casing is normally advanced by a 300-pound hammer falling
freely through a height of 30 inches. Simultaneous washing and driving of the casing is not
recommended. If this procedure is used, the elevations within which wash water is used and in which
the casing is driven must be clearly recorded.

The driven casing method is used in unconsolidated formations only. When the boring is to be used for
later well installation, the driven casing used should be at least 4 inches larger in diameter than the well
casing to be installed. Advantages to this method of drilling include:

e  Spiit-barrel (split-spoon) sampling can be conducted while drilling.

e  Waell installation is easily accomplished.

e  Drill rigs used are relatively small and mobiie.

e The use of casing minimizes flow into the hole from upper water-bearing layers; therefore,

muitiple aquifers can be penetrated and sampled for rough field determinations of some water
quality parameters.

Some of the disadvantages include:
e  This method can only be used in unconsolidated formations.

e The method is siower than other methods (average drilling progress is 30 to 50 feet per day).

)
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‘' Maximum depth of the borehole varies with the size of the drill rig and casing diameter used,
and the nature of the formations drilied.

e The cost per hour or per foot of drilling may be substantially higher than other drilling
methods.

e It is difficult and time consuming to pull back the casing if it has been driven very deep
(deeper than 50 feet in many formations).

5.2.7 Cable Tool Drilling

A cable tool rig uses a heavy, solid-steel, chisel-type drill bit ("tool") suspended on a steei cable, which
when raised and dropped, chisels or pounds a hole through the soils and rock. Drilling progress may
be expedited by the use of "slip-jars* which serve as a cable-activated down hole percussion device to
hammer the bit ahead.

When drilling through the unsaturated zone, some water must be added to the hole. The cuttings are
suspended in the water and then bailed out periodically. Below the water table, after sufficient ground
water enters the borehole to replace the water removed by bailing, no further water needs to be added.

When soft caving formations are encountered, it is usually necessary to drive casing as the hole is
advanced to prevent collapse of the hole. Often the drilling can be only a few feet below the bottom of
the casing. Because the drill bit is lowered through the casing, the hole created by the bit is smaller than
the casing. Therefore, the casing (with a sharp, hardened casing shoe on the bottom) must be driven
into the hole (see Section 5.2.5 of this guideline).

Advantages of the cable-tool method include the following:

e Information regarding water-bearing zones is readily available during the drilling. Even
relative permeabilities and rough water quality data from different zones penetrated can be
obtained by skilled operators.

e The cabie-tool rig can operate satisfactorily in all formations, but is best suited for caving,
boulder, cable or coarse gravel type formations (e.g., glacial till) or formations with large
cavities above the water table (such as limestones).

e  When casing is used, the casing seals formation water out of the hole, preventing down hole
contamination and allowing sampling of deeper aquifers for field-measurable water quality
parameters.

e  Spiit-barrel (split-spoon) or thin-wall (Sheiby) tube samples can be collected through the
casing.

Disadvantages include:
e  Drllling is slow compared with rotary rigs.

e The necessity of driving the casing in unconsolidated formations requires that the casing be
pulled back if exposure of selected water-bearing zones is desired. This process complicates
the well completion process and often increases costs. There is also a chance that the
casing may become stuck in the hole.

\
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e  The relatively large diameters required (minimum of 4-inch caéing) plus the cost of steel
casing result in higher costs compared to rotary drilling methods where casing is not required
(e.g.. such use of a holiow-stem auger). N

e  Cable-tool rigs have largely been replaced by rotary rigs. In some parts of the U.S.,
availability may be difficuit.

5.2.8 Jet Drilling (Washing)

Jet drilling, which should be used only for piezometer or vadose zone sampler installation, consists of
pumping water or drilling mud down through a small diameter (1/2- to 2-inch) standard pipe (steel or
PVC). The pipe may be fitted with a chisel bit or a special jetting screen. Formation materials disiodged
by the bit and jetting action of the water are brought to the surface through the annuius around the pipe.
As the pipe is jetted deeper, additional lengths of pipe may be added at the surface.

Jet percussion is a variation of the jetting method, in which the casing is driven with a drive weight.
Normally, this method is used to place 2-inch-diameter casing in shaliow, unconsolidated sand
formations, but this method has also been used to install 3- to 4-inch-diameter casings to a depth of
200 feet. .

Jetting is acceptable in very soft formations, usually for shaliow sampling, and when introduction of
drilling water to the formation is acceptable. Such conditions would occur during rough stratigraphic
investigation or installation of piezometers for water level measurement. Advantages of this method
include:

e  Jetting is fast and inexpensive.
e  Because of the small amount of equipment required, jetting can be accomplished in locations
where access by a normal drilling rig would be very difficult. For example, it would be

possible to jet down a well point in the center of a lagoon at a fraction of the cost of using
a drili rig.

e  Jetting numerous well points just into a shallow water table is an inexpensive method for
determining the water table contours, hence flow direction.

Disadvantages include the following:

e  Alarge amount of foreign water or drilling mud is introduced above and into the formation
to be sampled.

e  Jetting is usually done in very soft formations which are subject to caving. Because of this
caving, It Is often not possible to place a grout seal above the screen to assure that water
in the well is only from the screened interval.

e  Thediameter of the casing is usually limited to 2 inches; therefore, samples must be obtained
by methods applicable to small diameter casings.

L Jetting is only possible in very soft formations that do not contain boulders or coarse gravel,
and the depth limitation is shallow (about 30 feet without jet percussion equipment).

e Large quantities of water are often needed.
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5.2.9 Drilling with a Hand Auger

This method is applicable wherever the formation, total depth of sampling, and the site and groundwater
conditions are such as to allow hand auger drilling. Hand augering can also be considered at locations

where drill rig access is not possible. All hand auger borings will be performed according to
ASTM D1452-80.

Sampies should be taken continuously unless otherwise specified by the project plan documents. Any
required sampling is performed by rotation, pressing, or driving in accordance with the standard or
approved method governing use of the particular sampling tool. Typical equipment used for sampling -
and advancing shallow "hand auger” holes are Iwan samplers (which are rotated) or post hole diggers
(which are operated like tongs). These techniques are siow but effective where larger pieces of

- equipment do.not have access, and where very shallow holes are desired (less than 15 feet). Surficial
solls must be composed of relatively soft and non-cemented formations to allow penetration by the
auger. :

5.2.10 Rock Drilling and Coring

When soil borings cannot be continued using augers or rotary methods due to the hardness of the soil
or when rock or large boulders are encountered, drilling and sampling can be performed using a
diamond bit corer in accordance with ASTM D2113.

Driling is done by rotating and applying downward pressure to the drill rods and drill bit. The dirill bit
is a circular, hollow, diamond-studded bit attached to the outer core barrel in a double-tube core barrel.
The use of single-tube core barrels is not recommended, as the rotation of the barrel erodes the sample
and limits its use for detailed geological evaluation. Water or air is circulated down through the drill rods
and annular space between the core barrel tubes to cool the bit and remove the cuttings. The bit cuts
a core out of the rock which rises into an inner barrel mounted inside the outer barrel. The inner core
barrel and rock core are removed by lowering a wire line with a coupling into the drill rods, latching onto
‘the inner barrel and withdrawing the inner barrel. A less efficient variation of this method utilizes a core
barrel that cannot be removed without pulling all of the drill rods. This variation is practical only if less
than 50 feet of core is required.

Core borings are made through the casing used for the soil borings. The casing must be driven and
sealed into the rock formation to prevent seepage from the overburden into the hole to be cored (see
Section 5.3 of this guideline). A double-tube core barrel with a diamond bit and reaming sheil or
equivalent shouid be used to recover rock cores of a size specified in the project plans. The most
common core barrel diameters are listed in Attachment A.

Soft or decomposed rock should be sampled with a driven split-barrel whenever possible or cored with
a Denison or Pitcher sampler. ’

When coring rock, including shale and claystone, the speed of the drill and the drilling pressure, amount
and pressure of water, and length of run can be varied to give the maximum recovery from the rock
being drilled. Should any rock formation be so soft or broken that the pieces continually fall into the hole
causing unsatisfactory coring, the hole should be reamed and a flush-joint casing installed to a point
below the broken formation. The size of the flush-joint casing must permit securing the core size
specified. When soft or broken rock is anticipated, the length of core runs should be reduced to less
i than 5 feet to avoid core loss and minimize core disturbance.
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Advantages of core drilling include:

e  Undisturbed rock cores can be recovered for examination and/or testing.

e In formations in which the cored hole will remain open without casing, water from the rock
fractures may be recovered from the well without the installation of a well screen and gravel
pack.

¢  Formation logging is extremely accurate.
e  Drill rigs are relatively small and mobile.
Disadvantages include:
e  Water or air is needed for drilling.
e  Coring is slower than rotary drilling (and more expensive).

e  Depth to water cannot accurately be determined if water is used for drilling.

™ The size of the borehole is limited.

This drilling method is useful if accurate determinations of rock lithology are desired or if open wells are
to be installed into bedrock. To install larger diameter wells in coreholes, the hole must be reamed out
to the proper size after boring, using air or mud rotary drilling methods.

5.2.11 Drilling & Support Vehicles

In addition to the drilling method. required to accomplish the objectives of the field program, the type of
vehicle carrying the drill rig and/or support equipment and its suitability for the site terrain, will often be
an additional deciding factor in planning the drilling program. The types of vehicles available are
extensive, and depend upon the particular drilling subcontractor's fleet. Most large drilling
subcontractors will have a wide variety of vehicie and drill types suited for most drilling assignments in
their particular region, while smaller drilling subcontractors will usually have a fleet of much more limited
diversity. The weight, size, and means of locomotion (tires, tracks, etc.) of the drill rig must be selected
to be compatible with the site terrain to assure adequate mobility between borehole locations. Such
considerations also apply to necessary support vehicles used to transport water and/or drilling materiais
to the drill rigs at the borehole locations. When the drill rigs or support vehicles do not have adequate
mobility to easily traverse the site, provisions must be made for assisting equipment, such as buildozers,
winches, timber planking, etc., to maintain adequate progress during the drilling program.

Some of the typical vehicles which are usually available for drill rigs and support equipment are:
e Totally portable drilling/sampling equipment, where all necessary components (tripods,
samplers, hammers, catheads, etc.) may be hand camied to the borehole site.
Drilling/sampling methods used with such equipment inciude:

- Hand augers and lightweight motorized augers.
- Retractable plug samplers—driven by hand (hammer).
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- Motorized cathead - a lightweight aluminum tripod with a small gas-engine cathead
mounted on one leg, used to install small-diameter cased borings. This rig is
sometimes called a "monkey on a stick.”

e  Skid-mounted drilling equipment containing a rotary drill or engine-driven cathead (to lift
hammers and drill string), a pump, and a dismounted tripod. The skid is pushed, dragged,
or winched (using the cathead drum) between boring locations.

e  Small truck-mounted drilling equipment using a jeep, stake body or other light truck (4 to
6 wheels), upon which are mounted the drill and/or a cathead, a pump, and a tripod or small
drilling derrick. On some rigs, the drill and/or a cathead are driven by a power take-off from
the truck, instead of by a separate engine.

e  Track-mounted drilling equipment is similar to truck-mounted rigs, except that the vehicle
used has wide bulldozer tracks for traversing soft ground. Sometimes a continuous-track “all
terrain vehicle” is also modified for this purpose. Some types of tracked drill rigs are called
*bombardier” or "weasel" rigs. '

e  Heavy truck-mounted drilling equipment is mounted on tandem or dual tandem trucks to
transport the drill, derrick, winches, and pumps or compressors. The drill may be provided
with a separate engine or may use a power take-off from the truck engine. Large augers,
hydraulic rotary and reverse circulation rotary drilling equipment are usuaily mounted on such
heavy duty trucks. For soft-ground sites, the drilling equipment is sometimes mounted on
and off the road vehicle having low pressure, very wide diameter tires and capable of floating;
these vehicles are called "swamp buggy” rigs.

e  Marine drilling equipment is mounted on various floating equipment for drilling borings in
lakes, estuaries and other bodies of water. The floating equipment varies, and is often
manufactured or customized by the drilling subcontractor to suit specific drilling
requirements. Typically, the range of fiotation vehicles include:

- Barrel-float rigs - a drill rig mounted on a timber piatform buoyed by empty 55-gallon
drums or similar fiotation units.

- Barge-mounted drill rigs.

- Jack-up platforms - drilling equipment mounted on a floating platform having retractabie
legs to support the unit on the sea or lake bed when the platform is jacked up out of
the water.

- Drill ships - for deep ocean drilling.
In addition to the mobility for the drilling equipment, similar consideration must be given for equipment

to support the drilling operations. Such vehicles or floating equipment are needed to transport drill water,
drilling supplies and equipment, samples, drilling personnel, etc. to and/or from various boring locations.

5.2.12 Equipment Sizes

in planning subsurface exploration programs, care must be taken in specifying the various drilling
components, so that they will fit properly in the boring or weil.
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For drilling open boreholes using rotary drilling equipment, tri-cone drill bits are employed with air, water
or drilling mud to remove cuttings and cool the bit. Tri-cone bits are slightly smaller than the noles they
drill (i.e., 5-7/8-inch or 7-7/8-inch bits will nominally drill 6-inch and 8-inch holes, respectively).

For obtaining split-barrel samples of a formation, samplers are commonly manufactured in sizes ranging
from 2 inches to 3-1/2 inches in outside diameter. However, the most commonly used size is the
2-inch 0.D., 1-3/8-inch 1.D. split-barrel sampler. When this sampler is used and driven by a 140-pound
(+ 2-pound) hammer dropping 30 inches (+ 1 inch), the procedure is called a Standard Penetration Test,
and the blows per foot required to advance the sampler into the formation can be correlated to the
formation’s density or strength.

In planning the drilling of boreholes using hollow-stem augers or casing, in which thin-wall tube samples
or diamond core drilling will be performed, refer to the various sizes and clearances provided in
Attachment A of this guideline. Sizes selected must be stated in the project plan documents.

5.2.13 Estimated Drilling Progress

To estimate the anticipated rates of drilling progress for a site, the following must be considered:
o  The speed of the drilling method employed.

e  Applicable site conditions (e.g., terrain, mobility between borings, difficuit drilling conditions
in bouldery soils, rubble fili or broken rock, etc.).

e  Project-imposed restrictions (e.g., drilling while wearing personal protective equipment,
decontamination of drilling equipment, etc.).

Based on recent experience in drilling average soil conditions (no boulders) and taking samples at 5-
foot intervals, for moderate depth (30 feetto 50 feet) boreholes (not inciuding instaliation or development
of wells), the following daily rates of total drilling progress may be anticipated for the following drilling
methods:

Average Daily Progress

Drilling Method (inear feet)
Hollow-stem augers 75
Solid-stem augers 50’

Mud-Rotary Drilling

100’ (cuttings samples)

Rotosonic Drilling

100'-160' (continuous core)

Reverse-Circulation Rotary

100’ (cuttings samples)

Skid-Rig with driven casing 30’
Rotary with driven casing 50’
Cable Tool 30’
Hand Auger Varies
Continuous Rock Coring 50’

019611/P
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53 - Prevention of Cross-Contamination -

A telescoping or multipie casing technique minimizes the potential for the migration of contaminated
groundwater to lower strata below a confining layer. The telescoping technique consists of drilling to
a confining layer utilizing a spun casing method with a diamond cutting or augering shoe (a method
similar to the rock coring method described in Section 5.2.10, except that larger casing is used) or by
using a driven-casing method (see Section 5.2.6 of this guideline) and installing a specified diameter steel
well casing. The operation consists of three separate steps. Initially, a drilling casing (usually of 8-inch
diameter) is installed followed by installation of the well casing (6-inch-diameter is common for 2-inch
wells). This well casing is driven into the confining layer to ensure a tight seal at the bottom of the hole.
The well casing is sealed at the bottom with a bentonite-cement siurry. The remaining depth of the
boring is drilled utilizing a narrower diameter spun or driven casing technique within the outer well

casing. A smaller diameter well casing with an appropriate length of siotted screen on the lower end,
is installed to the surface.

Clean sand is placed in the annulus around and to a point of about 2 feet above the screen prior to
withdrawal of the drilling casing. The annular space above the screen and to a point 2 feet above the
bottom of the outer well casing is sealed with a tremied cement-bentonite slurry which is pressure-
grouted or displacement-grouted into the hole. The remaining casing annulus is backfilled with clean
material and grouted at the surface, or it is grouted all the way to the surface.

54 Cleanout of Casing Prior to Sampling

The boring hole must be compietely cleaned of disturbed soil, segregated coarse material and clay
adhering to the inside walls of the casing. The cleaning must extend to the bottom edge of the casing
and, if possible, a short distance further (1 or 2 inches) to bypass disturbed soll resulting from the
advancement of the casing. Loss of wash water during cleaning should be recorded.

For disturbed samples both above and below the water table and where introduction of relatively large
volumes of wash water is permissible, the cleaning operation is usuaily performed by washing the
material out of the casing with water; however, the cieaning should never be accomplished with a strong,
downward-directed jet which will disturb the underlying soil. When clean out has reached the bottom
of the casing or slightly below (as specified above), the string of tools should be lifted one foot off the
bottom with the water still flowing, until the wash water coming out of the casing is clear of granular soil
particles. In formations where the cuttings contain gravel and other larger particles, it is often useful to
repeatedly raise and lower the drill rods and wash bit while washing out the hole, to surge these large
particles upward out of the hole. As a time saver, the drilling contractor may be permitted to use a split-
barrel (split-spoon) sampler with the ball check valve removed as the clean-out tool, provided the material
below the spoon is not disturbed and the shoe of the spoon is not damaged. However, because the ball
check valve has been removed, in some formations it may be necessary to install a flap vaive or spring
sample retainer in the split-spoon bit, to prevent the sample from falling out as the sampler is withdrawn
from the hole. The use of jet-type chopping bits is discouraged except where large bouiders and
cobbles or hard-cemented soils are encountered. If water markedly softens the soils above the water
table, clean out should be performed dry with an auger.

For undisturbed samples below the water table, or where wash water must be minimized, clean out is
usually accomplished with an appropriate diameter clean out auger. This auger has cutting blades at
the bottom to carry loose material up into the auger, and up-tumed water jets just above the cutting
blades to carry the removed soil to the surface. In this manner, there is a minimum of disturbance at
the top of the material to be sampled. If any gravel material washes down into the casing and cannot
be removed by the clean out auger, a split-barrel sample can be taken to remove it; bailers and
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sandpumps should not be used. For undisturbed samples above the groundwater table, all operations
must be performed in a dry manner. . -

If all of the cuttings created by drilling through the overlying formations are not cleaned from the
borehole prior to sampling, some of the problems which may be encountered during sampling include:

e  When sampling is attempted through the cuttings remaining in the borehole, all or part of the
sampler may become filled with the cuttings. This limits the amount of sampie from the
underlying formation which can enter and be retained in the sampler, and also raises
questions as to the validity of the sample.

L If the cuttings remaining in the borehole contain coarse gravel and/or other large particles,
these may block the bit of the sampler and prevent any materials from the underlying
formation from entering the sampier when the sampiler is advanced.

e In cased borings, shouid sampling be attempted through cuttings which remain in the lower
portion of the casing, these cuttings could cause the sampler to become bound into the
casing, such that it becomes very difficult to either advance or retract the sampler.

e  When sampler blow counts are used to estimate the density or strength of the formation
being sampled, the presence of cuttings in the borehole wiil usually give erroneously high
sampie blow counts.

To confirm that all cuttings have been removed from the borehole prior to attempting sampling, it is
important that the rig geologist measure the “stickup® of the drill string. This is accomplished by
measuring the assembled length of all drill rods and bits or samplers (the drill string) as they are lowered
to the bottom of the hole, below some convenient reference point of the drill string, then measuring the
height of this reference point above the ground surface. The difference of these measurements is the
depth of the drill string (lower end of the bit or sampler) below the ground surface, which must then be
compared with the depth of sampling required (installed depth of casing or depth of borehole drilled).
If the length of drill string below grade is more than the drilled or casing depth, the borehole has been
cleaned too deeply, and this deeper depth of sampling must be recorded on the log. If the length of drill
string below grade is less than the drilled or casing depth, the difference represents the thickness of.
cuttings which remain in the borehole. In most cases, an inch or two of cuttings may be left in the
borehole with little or no problem. However, if more than a few inches of cuttings are encountered, the
borehole must be recleaned prior to attempting sampling.

5.5 Materials of Construction

The effects of monitoring well construction materials on specific chemical analytical parameters are
described and/or referenced in SOP GH-2.8. However, there are several materials used during drilling,
particularly drilling fluids and lubricants, which must be used with care to avoid compromising the
representativeness of soil and ground water samples.

The use of synthetic or organic polymer slurries is not permitted at any location where soil samples for
chemical analysis are to be coliected. These slurry materials could be used for installation of long-term
monitoring wells, but the early time data in time series collection of ground water data may then be
suspect. If synthetic or organic polymer muds are proposed for use at a given site, a complete written
justification including methods and procedures for their use must be provided by the site geologist and
approved by the Project Manager. The specific slurry composition and the concentration of suspected
contaminants for each site must be known.
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For many driling operations, potable water-is an adequate lubricant for-drill stem and drilling tool
connections. However, there are instances, such as drilling in tight clayey formations or in loose gravels,
when threaded couplings must be lubricated to avoid binding. In these instances, to be determined in
the field by the judgment of the site geologist and noted in the site logbook, and only after approval by
the Project Manager, a vegetable oil or silicone-based lubricant should be used. Petroleum based
greases, etc. will not be permitted. Sampies of lubricants used must be provided and analyzed for
chemical parameters appropriate to the given site.

5.6 Subsurface Soil Samples

Subsurface soil samples are used to characterize subsurface stratigraphy. This characterization can
indicate the potential for migration of chemical contaminants in the subsurface. In addition, definition
of the actual migration of contaminants can be obtained through chemical analysis of the soil samples.
Where the remedial activities may include in-situ treatment or excavation and removal of the
contaminated soil, the depth and areal extent of contamination must be known as accurately as possible.

Engineering and physical properties of soil may also be of interest should site construction activities be
planned. Soil types, grain size distribution, shear strength, compressibility, permeability, plasticity, unit
weight, and moisture content are some of the physical characteristics that may be determined for soil
samples. '

Penetration tests are aiso described in this procedure. The tests can be used to estimate various
physicai and engineering parameters such as relative density, unconfined compressive strength, and
consolidation characteristics of soiis.

Surface protocols for various soil sampling techniques are discussed in SOP SA-1.3. Continuous-core
soil sampling and rock coring are discussed below. The procedures described here are representative
of a larger number of possible drilling and sampling techniques. The choice of techniques is based on
a large number of variables such as cost, local geology, etc. The final choice of methods must be made
with the assistance of drilling subcontractors familiar with the local geologic conditions. Alternative

techniques must be based upon the underlying principles of quality assurance impilicit in the following
procedures.

The CME continuous sample tube system provides a method of sampling soil continuously during hollow-
stem augering. The 5-foot sample barrel fits within the lead auger of a hollow-auger column. The
sampling system can be used with a wide range of I.D. hollow-stem augers (from 3-1/4-inch to
8-1/4-inch 1.D.). This method has been used to sample many different materials such as glacial drift,
hard clays and shales, mine tailings, etc. This method is particularly used when SPT samples are not
required and a large volume of material is needed. Also, this method is useful when a visual description
of the subsurface lithology is required. Rotosonic drilling methods also provide a continuous soil sample.

5.7 Rock Sampling (Coring) (ASTM D2113-83) -

Rock coring enables a detailed assessment of borehole conditions to be made, showing precisely all
lithologic changes and characteristics. Because coring is an expensive drilling method, it is commonly
used for shallow studies of 500 feet or less, or for specific intervals in the drill hole that require detailed
logging and/or analyzing. Rock coring can, however, proceed for thousands of feet continuously,
‘ depending on the size of the drill rig, and yields better quality data than air-rotary drilling, although at a
substantially reduced drilling rate. Rate of drilling varies widely, depending on the characteristics of
lithologies encountered, drilling methods, depth of drilling, and condition of drilling equipment. Average
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output in a 10-hour day ranges from 40 to over 200 feet. Down hole geophysical logging or television
camera monitoring is sometimes used to complement the data generated by coring.

Borehole diameter can be drilied to various sizes, depending on the information needed. Standard sizes
of core barrels (showing core diameter) and casing are shown in Figure 1.

Core drilling is used when formations are too hard to be sampled by soil sampling methods and a
continuous solid sample is desired. Usually, soil samples are used for overburden, and coring begins
in sound bedrock. Casing is set into bedrock before coring begins to prevent loose material from
entering the borehole, to prevent loss of drilling fluid, and to prevent cross-contamination of aquifers.

Drilling through bedrock is initiated by using a diamond-tipped core bit threaded to a drill rod (outer core
barrel) with a rate of drilling determined by the downward pressure, rotation speed of drill rods, drilling
fluid pressure in the borehole, and the characteristics of the rock (mineralogy, cementation, weathering).

5.7.1 Diamond Core Drilling

A penetration of typically less than 6 inches per 50 blows using a 140-b. hammer dropping 30 inches
with a 2-inch spiit-barrel sampler shall be considered an indication that soil sampling methods may not
be applicable and that coring may be necessary to obtain samples.

When formations are encountered that are too hard to be sampled by soil sampling methods, the
following diamond core drilling procedure may be used:

e Firmly seat a casing into the bedrock or the hard material to prevent loose materials from
entering the hole and to prevent the loss of drilling fluid return. Level the surface of the rock
or hard material when necessary by the use of a fishtail or other bits. !f the drill hole can be
retained open without the casing and if cross-contamination of aquifers in the unconsolidated
materials is uniikely, leveling may be omitted.

° Begin the core drilling using a double-tube swivel-core barrel of the desired size. After drilling
no more than 10 feet (3 m), remove the core barrel from the hole and take out the core. !f
the core blocks the flow of the drilling fluid during drilling, remove the core barrel
immediately. In soft materials, a large starting size may be specified for the coring tools;
where local experience indicates satisfactory core recovery or where hard, sound materials
are anticipated, a smaller size or the single-tube type may be specified and longer runs may
be drilled. NX/NW size coring equipment is the most commonly used size.

e  When soft materials are encountered that produce less than 50 percent recovery, stop the
core drilling. If soll samples are desired, secure such samples in accordance with the
procedures described in ASTM Method D 1586 (Spiit-barrel Sampling) or in Method D 1587
(Thin-Walled Tube Sampling); sample soils per SOP SA-1.3. Resume diamond core drilling
when refusal materials are again encountered.

e  Since rock structures and the occurrence of seams, fissures, cavities, and broken areas are
among the most important items to be detected and described, take special care to obtain
and record these features. If such broken zones or cavities prevent further advance of the
boring, one of the following three steps shall be taken: (1) cement the hole; (2) ream and
case; or (3) case and advance with the next smaller size core barrel, as conditions warrant.
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FIGURE 1 -
STANDARD SIZES OF CORE BARRELS AND CASING
Coring Bit Size Nominal* Set Size*
0.D. L.D. 0.. 1.D.

RWT 1 5/32 3/4 1.160 0.735
EWT 1.1/2 29/32 1.470 0.905
EX, EXL, EWG, EWM 1.1/2 13/16 1.470 0.845
AWT 17/8 1 9/32 1.875 1.281
AX, AXL, AWG, AWM 17/8 1 3/16 1.875 1.185
BWT 2 3/8 1 3/4 2345 1.750
BX, BXL, BWG, BWM 2 3/8 15/8 2.345 1.655
NWT 3 2 5/16 2.965 2313
NX, NXL, NWG, NWM 3 2 1/8 2.965 2.155
HWT 3 29/32 3 3/16 3.889 3.187
HWG 3 29/32 3 3.889 3.000
2 3/4 x37/8 3 7/8 2 3/4 3.840 2.690
4 x5 1/2 5 1/2 4 5.435 3.970
6 x 7 3/4 7 3/4 6 7.655 5.970
AX Wire line __|__/ 17/8 1 1.875 1.000
BX Wire line __ |/ 2 3/8 1 7/16 2345 1.437
NX Wire line ___ | 3 1 15/16 2.965 1.937

* All dimensions are in inches; to convert to millimeters, muitiply by 254.

___|__/ Wire line dimensions and designations may vary according to manufacturer.
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FIGURE 1
STANDARD SIZES OF CORE BARRELS AND.CASING -
PAGE TWO -
. . Casing Approximate Core
Size Designations Coupling Diameter
- Casin Core
Casing; Casing 0 | barrel | Drill rod
Casing 0.D., o bt | OD.
coupling; | Rod; rod | inches [ O.D., | 1D, 0.D., 0.D., | Inches | Normal, | Thinwall,
Casing | couplings inches | inches | INChes || oex Inches | Inches
bits; Core
barrel bits
. RX RW 1437 | 1.437 | 1.188 1.485 1.160 1094 | — 0.735
EX E 1812 | 1.812 ] 1.500 1.875 1.470 1.313 | 0.845 0.905
AX A 2250 | 2.250 | 1.906 | .2.345 1.875 1625 | 1.185 1.281
BX B 2875 | 2875 | 2375 | 2965 | 2345| 1.906| 1.655 1.750
NX N 3.500 { 3.500 | 3.000 3.615 2.965 2375 | 2.155 2.313
HX HW 4.500 | 4.500 | 3.938 4.625 3.890 3.500 | 3.000 3.187
RW RW 1.437 1.485 1.160 1.094 | — 0.735
EW EW 1.812 1.875 1.470 1375 | 0.845 0.905
AW AW 2.250 = =] 2.345 1.875 1.750 | 1.185 1.281
BW BW 2.875 § = 2.965 2.345 2.125 { 1.655 1.750
=
NW NwW 3.500 < 3 3615 2965 | 2625 | 2.155 2.313
HW HW 4.500 E g 4.625 3.890 3.500 | 3.000 3.187
PW —_ 5.500 5650 | -- -_— - -
SwW - 6.625 6790 | — - - -
uw - 7.625 7800 | -~ - - -
W - 8.625 8810 | - - -— -
- AX _|_\|- - - — 1875 | 1.750| 1.000 | —
- BX _|_\|-— - - - 2345 | 2250 | 1437 | —
- NX | \|-— - - - 2965 | 2813] 1937 | —

* All dimensions are in inches; to convert to millimeters, multiply by 254.

NOMINAL DIMENSIONS FOR DRILL CASINGS AND ACCESSORIES.
(DIAMOND CORE DRILL MANUFACTURERS ASSOCIATION). 288-D-2889

__/ Wire iine dimensions and designations may vary according to manutacturer.
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) In soft, seamy, or otherwise unsound rock, where core recovery- may be difficult, M-design
core barrels may be used. In hard, sound rock where a high percentage of core recovery
is anticipated, the single-tube core barrel may be employed.

5.7.2 Rock Sample Preparation and Documentation

Once the rock coring has been completed and the core recovered, the rock core shall be carefully
removed from the barrel, placed in a core tray (previously labeled *top" and “"bottom" to avoid confusion),
classified, and measured for percentage of recovery as well as the rock quality designation (RQD). Each
core shall be described, classified, and logged using a uniform system as presented in SOP GH-1.5. If
moisture content will be determined or if it is desirable to prevent drying (e.g., to prevent shrinkage of
clay formations) or oxidation of the core, the core shall be wrapped in plastic sleeves immediately after
logging. Each plastic sleeve shall be labeled with indelible ink. The boring number, run number, and
the footage represented in each sleeve shall be included, as well as designating the top and bottom of
the core run.

After sampling, rock cores shall be placed in the sequence of recovery in well-constructed wooden boxes
provided by the drilling contractor. Rock cores from two different borings shall not be placed in the
same core box unless accepted by the Project Geologist. The core boxes shall be constructed to
accommodate at least 20 linear feet of core in rows of approximately 5 feet each and shall be
constructed with hinged tops secured with screws, and a latch (usually a hook and eye) to keep the top
securely fastened down. Wood partitions shall be placed at the end of each core run and between rows.

The depth from the surface of the boring to the top and bottom of the drill run and run number shall be
marked on the wooden partitions with indelible ink. A wooden partition (wooden block) shall be placed
at the end of each run with the depth of the bottom of the run written on the block. These blocks will
serve to separate successive core runs and indicate depth intervals for each run. The order of placing
cores shall be the same in all core boxes. Rock core shall be placed in the box so that, when the box
is open, with the inside of the lid facing the observer, the top of the cored interval contained within the
box is in the upper left corner of the box, and the bottom of the cored interval is in the lower right comer
of the box. The top and bottom of each core obtained and its true depth shall be clearly and
permanently marked on each box. The width of each row must be compatible with the core diameter
to prevent lateral movement of the core in the box. Simitarly, an empty space in a row shall be filled with
an appropriate filler material or spacers to prevent longitudinal movement of the core in the box.

The inside and outside of the core-box lid shall be marked by indelible ink to show all pertinent data on
the box’'s contents. At a minimum, the following information shall be included:

Project name.

Project number.

Boring number.

Run numbers.

Footage (depths).

Recovery.

RQD (%).

Box number and total number of boxes for that boring (Example: Box 5 of 7).

For easy retrieval when core boxes are stacked, the sides and ends of the box shall also be labeled and
include project number, boring number, top and bottom depths of core and box number.
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Prior to final closing of the core box, a photograph of the recovered core and the labeling on the inside
covershall be taken. If moisture content is not critical, the core shall be wetted and wiped clean for the
photograph. (This will help to show true colors and bedding features in the cores).
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- ATTACHMENT A -

DRILLING EQUIPMENT SIZES

" Designation or oD. \D. Coupling 1.D.
Drilling Component ":;:: :h‘z'sz)e (Inches) (Inches) (lr?chgs)
Hollow-stem augers 6 1/4 5 2 1/4
(Ref. 7) 6 3/4 5 3/4 2 3/4 -
7 1/4 6 1/4 3 1/4 -
13 1/4 12 6 -
Thin Wall Tube Samplers —_ 2 17/8 -
(Ref. 7) - 2 1/2 2 3/8 —
— 3 2 7/8 -
- 3 1/2 3 3/8 -
- 4 1/2 4 3/8 -
- 5 4 3/4 —
Drill Rods (Ref. 7) RW 1 3/32 23/32 13/32
EW 1 3/8 15/16 7/16
AW 1 3/4 1 1/4 5/8
BW 2 1/8 1 3/4 3/4
NW 2 5/8 2 1/4 1 3/8
HW 3 1/2 3 1/16 2 3/8
E 1 5/16 7/8 7/16
A 1 5/8 1 1/8 9/16
B 1 7/8 1 1/4 5/8
N 2 3/8 2 1
Wall Thickness
(Inches)
Driven External Coupled 2 1/2 2.875 2.323 0.276
Extra Strong Steel* Casing 3 35 29 0.300
(Ref. 8) 3 1/2 4.0 3.364 0.318
4 45 3.826 0.337
5 5.63 4.813 0.375
6 6.625 5.761 0.432
8 8.625 7.625 0.500
10 10.750 9.750 0.500
12 - 12.750 11.750 0.500

* Add twice the casing wall thickness to casing O.D. to obtain the approximate O.D. of the
external pipe couplings.
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DRILLING EQUIPMENT SIZES -
PAGE TWO
Designation or 0.D. D. Coupiing L.D.
Drilling Component '.zr:\lce:hsel:)e (Inches) (Inches) (Ir?::hgs)
Filush Coupled Casing RX 1 7/16 1 3/16 1 3/16
(Ref. 7) EX 1 13/16 1 5/8 1 1/2
AX 2 1/4 2 1 29/32
BX 2 7/8 2 9/16 2 3/8
NX 3 1/2 3 3/16 3
HX 4 1/2 4 1/8 3 15/16
Flush Joint Casing (Ref. 7) RW 1 7/16 1 3/16
EW 1 13/16 11/2
AW 2 1/4 1 29/32
BW 2 7/8 2 3/8
NwW 3 1/2 3
HW 4 1/2 4
PW 5 1/2 5
SwW 6 5/8 6
uw 7 5/8 7
W 8 5/8 8
Diamond Core Barrels EWM 1 1/2 7/8**
(Ref. 7) AWM 1 7/8 1 1/8**
BWM 2 3/8 1 5/8**
NWM 3 2 1/8
HWG 37/8 3
2 3/4 x 3 7/8 3 7/8 2 11/16
4 x5 1/2 5 1/2 3 15/16
6 x 7 3/4 7 3/4 5 15/16
AQ (wireline) 1 57/64 1 1/16**
BQ (wireline) 2 23/64 1 7/16**
NQ (wireline) 2 63/64 1 7/8
HQ (wireline) 3 25/32 2 1/2

**+  Because of the fragile nature of the core and the difficulty to identify rock details, use of
small-diameter core (1 3/8") is not recommended.
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1.0 PURPOSE

The purpose of this document is to establish standard procedures and technical gusdance on borehole
and sampie iogging.

2.0 SCOPE

These procedures provide descriptions of the standard techniques for borehole and sample logging.
These techniques shall be used for each boring logged to provide consistent descriptions of subsurface
lithology. While experience is the only method to develop confidence and accuracy in the description
of soil and rock, the field geologist/engineer can do a good job of classification by careful, thoughtful
observation and by being consistent throughout the classification procedure.

3.0 GLOSSARY
None.
4.0 RESPONSIBILITIES

Site_Geologist. Responsible for supervising all boring activities and assuring that each borehole is
completely logged. !f more than one rig is being used on site, the Site Geologist must make sure that
each field geologist is properly trained in logging procedures. A brief review or training session may be
necessary prior to the start up of the field program and/or upon completion of the first boring.

5.0 PROCEDURES

The classification of soil and rocks is one of the most important jobs of the field geologist/engineer. To
maintain a consistent flow of information, it is imperative that the field geologist/engineer understand and
accurately use the fieid classification system descnbed in this SOP. This identification is based on visual
examination and manual tests.

5.1 Materials Needed

When logging soil and rock samples, the géologist or engineer may be equipped with the following:

Rock hammer

Knife

Camera

Dilute hydrochloric acid (HC!)

Ruler (marked in tenths and hundredths of feet)
Hand Lens

5.2 Classification of Soils

All data shall be written directly on the boring log (Figure 1) or in a field notebook if more space is
needed. Details on filling out the boring log are discussed in Section 5.5.

5.2.1 USCS Classification

Solls are to be classified according to the Unified Soil Classification System (USCS). This method of
classification is detailed in Figure 1 (Continued).
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FIGURE 1
BORING LOG (EXAMPLE)
e A .
PROJECT NAME: BORING NUMBER:®
PROJECT NUMBER: DATE:
DRILLING COMPANY: GEOLOGIST:
DRILLING RIG: DRILLER:
MATERIAL DESCRIPTION PIOANE Rossting (apen)
mmr.:;mmn Change : : ‘ o
e R B e Lo Conto ¢ Remarks ; & g &
Sersened o Color! Matertal Clasaiostion s 1214
Intarvel Rosk 3 j ‘8 "g
Harinees EA .

* When 10CKk COMNg, SMer rock drokeness.
* Iciude MONRST Fanding in 6 foot intervals € borehole. & ing requency ¢ rend. Drilling Area
Remarks: . Background (ppm):
Converted to We: Yes No Well 1.D. 3
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FIGURE 1 (CONTINUED)
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This method of classification identifies soil types on the basis of grain size and cohesiveness.

Fine-grained soils, or fines, are smaller than the No. 200 sieve and are of two types: silt (M) and clay (C).
Some classification systems define size ranges for these soil particles, but for field classification
purposes, they are identified by their respective behaviors. Organic material (O) is a common
component of soil but has no size range; it is recognized by its composition. The careful study of the
USCS will aid in developing the competence and consistency necessary for the classification of soils.

Coarse-grained soils shall be divided into rock fragments, sand, or gravel. The terms sand and gravel
not only refer to the size of the soil particles but also to their depositional history. To insure accuracy
in description, the term rock fragments shall be used to indicate angular granular materials resuiting from
the breakup of rock. The sharp edges typically observed indicate little or no transport from their source
area, and therefore the term provides additional information in reconstructing the depositional
environment of the soils encountered. When the term “rock fragments” is used it shall be followed by
a size designation such as “(1/4 inch®-1/2 inch®)" or “coarse-sand size" either immediately after the
entry or in the remarks column. The USCS classification would not be affected by this variation in terms.

5.2.2 Color

Soil colors shall be described utilizing a single color descriptor preceded, when necessary, by a modifier
to denote variations in shade or color mixtures. A soil could therefore be referred to as “gray” or "light
gray" or "blue-gray.” Since color can be utilized in correlating units between sampling locations, it is
important for color descriptions to be consistent from one boring to another.

Colors must be described while the sampie is still moist. Soil samples shall be broken or split vertically
to describe colors. Samplers tend to smear the sample surface creating color variations between the
sample interior and exterior.

The term "mottled” shall be used to indicate soils irregularly marked with spots of different colors.
Mottling in soils usually indicates poor aeration and lack of good drainage.

Soil Color Charts shall not be used unless specified by the project manager.
5.2.3 Relative Density and Consistency

To classify the relative density and/or consistency of a soil, the geologist is to first identify the soil type.
Granular soiis contain predominantly sands and gravels. They are noncohesive (particles do not adhere
well when compressed). Flner-grained soils (silts and clays) are cohesive (particles will adhere together
when compressed).

The density of noncohesive, granular soils is classified according to standard penetration resistances
obtained from split-barrel sampling performed according to the methods detailed in Standard Operating
Procedures GH-1.3 and SA-1.3. Those designations are:
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: Standard Penetration
Designation Resistance
. {Rlewve nar Foot)
\SPEYS R 8 Uy
Very loose Oto4
Loose Sto 10
Medium dense 11 to 30
Dense 31 to 50
Very dense Over 50

Standard penetration resistance is the number of blows required to drive a split-barrel sampler with a 2-
inch outside diameter 12 inches into the material using a 140-pound hammer falling freely through
30 inches. The sampler is driven through an 18-inch sample interval, and the number of blows is
recorded for each 6-inch increment. The density designation of granular soils is obtained by adding the
number of blows required to penetrate the last 12 inches of each sampie interval. It is important to note
that if gravel or rock fragments are broken by the sampiler or if rock fragments are lodged in the tip, the
resulting blow count will be erroneously high, reflecting a higher density than actually exists. This shall
be noted on the log and referenced to the sample number. Granular soils are given the USCS
classifications GW, GP, GM, SW, SP, SM, GC, or SC (see Figure 1).

The consistency of cohesive soils is determined by performing field tests and identifying the consistency
as shown in Figure 2.

Cohesive soils are given the USCS classifications ML, MH, CL, CH, OL, or OH (see Figure 1).

The consistency of cohesive soils is determined either by blow counts, a pocket penetrometer (values
listed in the table as Unconfined Compressive Strength), or by hand by determining the resistance to
penetration by the thumb. The pocket penetrometer and thumb determination methods are conducted
on a selected sample of the soil, preferably the lowest 0.5 foot of the sample in the split-barrel sampler.-
The sampie shall be broken in half and the thumb or penetrometer pushed into the end of the sample
to determine the consistency. Do not determine consistency by attempting to penetrate a rock fragment.
If the sample is decomposed rock, it is classified as a soft decomposed rock rather than a hard soil.
Consistency shali not be determined solely by blow counts. One of the other methods shall be used in

conjunction with it. The designations used to describe the consistency of cohesive soils are shown in
Figure 2.

019611/P
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CONSISTENCY FOR COHESIVE SOILS

FIGURE 2

Unconfined
Pit:;?:t'{gn Compressive
Consistency : Strength Field Identification
Resistance
(Blows per Foot) (Tons/Sq. Foot by
pocket penetration)
Very soft Oto2 Less than 0.25 Easily penetrated several inches by fist
Soft Easily penetrated several inches by
‘ 2to 4 0.25 to 0.50 thumb
Medium stiff Can be penetrated several inches by
4108 0.50to 1.0 thumb with moderate effort
Stiff Readily indented by thumb but
81015 101020 penetrated only with great effort
Very stiff 15 to 30 20to0 4.0 Readily indented by thumbnail
Hard Over 30 More than 4.0 Indented with difficuity by thumbnail
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524 Weight Percentages ]
In nature, soils are comprised of particles of varying size and shape, and are combinations of the various
grain types. The following terms are useful in the description of soil:

N , Defining Range of
Terms of Identifying Proportion of the Component Percentages by Weight
Trace 0 - 10 percent
Some 11 - 30 percent
Adjective form of the soil type (e.g., "sandy”) 31 - 50 percent
Examples:

° Silty fine sand: 50 to 69 percent fine sand, 31 to 50 percent silt.

° Medium to coarse sand, some silt: 70 to 80 percent medium to coarse sand, 11 to
30 percent silt.

. Fine sandy silt, trace clay: 50 to 68 percent silt, 31 to 49 percent fine sand, 1 to 10 percent
clay.

] Clayey silt, some coarse sand: 70 to 89 percent clayey silt, 11 to 30 percent coarse sand.
5.2.5 Moisture

Moisture content is estimated in the field according to four categories: dry, moist, wet, and saturated.
In dry soil, there appears to be littie or no water. Saturated sampies obviously have all the water they
can hold. Moist and wet classifications are somewhat subjective and often are determined by the
individual's judgment. A suggested parameter for this would be calling a soil wet if rolling it in the hand
or on a porous surface liberates water, i.e., dirties or muddies the surface. Whatever method is adopted
for describing moisture, it is important that the method used by an individual remains consistent
throughout an entire drilling job.

Laboratory tests for water content shall be performed if the natural water content is important.

5.2.6 Stratification

Stratification can only be determined after the sample barrel is opened. The stratification or bedding
thickness for soil and rock is depending on grain size and composition. The classification to be used
for stratification description is shown in Figure 3.

5.2.7 Texture/Fabric/Bedding

The texture/fabric/bedding of the soil shall be described. Texture is described as the relative angularity
of the particles: rounded, subrounded, subangular, and angular. Fabric shall be noted as to whether
the particles are flat or bulky and whether there is a particular relation between particles (i.e., all the flat
particles are parallel or there is some cementation). The bedding or structure shall also be noted (e.g.,
stratified, lensed, nonstratified, heterogeneous varved).

\
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FIGURE 3
BEDDING THICKNESS CLASSIFICATION
T?’:f:t:e;s (Apprcmir;';?:s;nglish Classification
Equivalent)
> 1.0 meter > 3.3 Massive
30 cm - 1 meter 1.0'-3.3 Thick Bedded
10 cm - 30 cm 4 -10 Medium Bedded
3cm-10cm 1 -4 Thin Bedded
icm-3cm 2/5" - 1" Very Thin Bedded
3mm-1cm 1/8" - 2/5" Laminated
1 mm-3mm 1/32" - 1/8" Thinly Laminated
<1 mm <1/32" Micro Laminated

(Weir, 1973 and Ingram, 1954)
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528

In summary, soils shall be classified in a similar manner by each geologist/engineer at a project site.
The hierarchy of classification is as follows:

53

Rocks are grouped into three main divisions: sedimentary, igneous and metamorphic. Sedimentary rocks
are by far the predominant type exposed at the earth's surface. The following basic names are applied
to the types of rocks found in sedimentary sequences:

In classifying a sedimentary rock the following hierarchy shall be noted:

Summary of Soil Classification

Density and/or consistency
Color

Plasticity (Optional)

Soll types

Moisture content
Stratification

Texture, fabric, bedding
Other distinguishing features

Classification of Rocks

Sandstone - Made up predominantly of granular materials ranging between 1/16 to 2 mm
in diameter.

Sittstone - Made up of granular materials less than 1/16 to 1/256 mm in diameter.
Fractures irregularly. Medium thick to thick bedded.

Claystone - Very fine-grained rock made up of clay and silt-size materials. Fractures
irregularly. Very smooth to touch. Generally has irregularly spaced pitting on surface of
drilled cores. o

Shale - A fissile very fine-grained rock. Fractures along bedding planes.

Limestone - Rock made up predominantly of caicite (CaCO,). Effervesces strongly upon
the application of dilute hydrochloric acid.

Coal - Rock consisting mainly of organic remains.

Others - Numerous other sedimentary rock types are present in lesser amounts in the
stratigraphic record. The local abundance of any of these rock types is dependent upon
the depositional history of the area. Conglomerate, halite, gypsum, dolomite, anhydrite,
lignite, etc. are some of the rock types found in lesser amounts.

Rock type
Color

Bedding thickness
Hardness

Fracturing
Weathering .
Other characteristics

019611/P
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5.3.1 Rock Type

As described above, there are numerous types of sedimentary rocks. In most cases, a rock will be a
combination of several grain types, therefore, a modifier such as a sandy siltstone, or a silty sandstone
can be used. The modifier indicates that a significant portion of the rock type is composed of the
modifier. Other modifiers can include carbonaceous, calcareous, siliceous, etc.

Grain size is the basis for the classification of clastic sedimentary rocks. Figure 4 is the Udden-

Wentworth classification that will be assigned to sedimentary rocks. The individual boundaries are

slightly different than the USCS subdivision for soil classification. For field determination of grain sizes,

a scale can be used for the coarse grained rocks. For example, the division between siltstone and

claystone may not be measurable in the field. The boundary shall be determined by use of a hand lens.

If the grains cannot be seen with the naked eye but are distinguishable with a hand lens, the rock is a
“siltstone. If the grains are not distinguishable with a hand lens, the rock is a ciaystone.

5.3.2 Color

The color of a rock can be determined in a similar manner as for soil samples. Rock core samples shall
be classified while wet, when possible, and air cored samples shall be scraped clean of cuttings prior
to color classifications.

Rock color charts shall not be used unless specified by the Project Manager.
5.3.3 Bedding Thickness

The bedding thickness designations applied to soil classification (see Figure 3) will also be used for rock
classification.

5.3.4 Hardness

The hardness of a rock is a function of the compaction, cementation, and mineralogical composition of
the rock. A relative scale for sedimentary rock hardness is as follows:

o Soft - Weathered, considerable erosion of core, easily gouged by screwdriver, scratched
by fingernail. Soft rock crushes or deforms under pressure of a pressed hammer. This
term is always used for the hardness of the saprolite (decomposed rock which occupies
the zone between the lowest soil horizon and firm bedrock).

® Medium soft - Slight erosion of core, slightly gouged by screwdriver, or breaks with crumbly
edges from single hammer biow.

] Medium hard - No core erosion, easily scratched by screwdriver, or breaks with sharp
edges from single hammer blow.

) Hard - Requires several hammer blows to break and has sharp conchoidal breaks. Cannot
be scratched with screwdriver.

Note the difference in usage here of the works "scratch” and "gouge.” A scratch shall be considered a

slight depression in the rock (do not mistake the scraping off of rock fiour from drilling with a scratch

in the rock itself), while a gouge is much deeper.

019611/P Brown & Root Environmental
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FIGURE 4 -
GRAIN SIZE CLASSIFICATION FOR ROCKS
Particie Name Grain Size Diameter
Cobbles > 64 mm
Pebbles 4 - 64 mm
Granules 2-4mm
Very Coarse Sand 1-2mm
Coarse Sand 0.5-1mm
Medium Sand 0.25 - 0.5 mm
Fine Sand 0.125 - 0.25 mm
Very Fine Sand 0.0625 - 0.125 mm
Silt 0.0039 - 0.0625 mm
After Wentworth, 1922
019611/P Brown & Root Environmental



Subject Number Page
’ GH-1.5 ‘ 14 of 21
BOREHOLE AND SAMPLE LOGGING R orr——
i 0 ' 03/01/96

5.3.5 Fracturing

The degree of fracturing or brokenness of a rock is described by measuring the fractures or joint
spacing. After eiiminating drilling breaks, the average spacing is calculated and the fracturing is
described by the following terms:

Very broken (V. BR.) - Less than 2-inch spacing between fractures
Broken (BR.) - 2-inch to 1-foot spacing between fractures

Blocky (BL) - 1- to 3-foot spacing between fractures

Massive (M.) - 3 to 10-foot spacing between fractures

The structural integrity of the rock can be approximated by calculating the Rock Quality Designation
(RQD) of cores recovered. The RQD is determined by adding the total lengths of all pieces exceeding
4 inches and dividing by the total iength of the coring run, to obtain a percentage.

Method of Calculating RQD
(After Deere, 1964)

RQD % = r/l x 100
r = Total length of all pieces of the lithologic unit being measured, which are
greater than 4 inches length, and have resulted from natural breaks. Natural
breaks include slickensides, joints, compaction slicks, bedding plane partings
{not caused by drilling), friable zones, etc.
1 = Total length of the coring run.
5.3.6 Waeathering
The degree of weathering is a significant parameter that is important in determining weathering profiles
and is also useful in engineering designs. The following terms can be applied to distinguish the degree

of weathering:

. Fresh - Rock shows little or no weathering effect. Fractures or joints have little or no
staining and rock has a bright appearance.

] Slight - Rock has some staining which may penetrate several centimeters into the rock.
Clay filling of joints may occur. Feldspar grains may show some alteration.

° Moderate - Most of the rock, with exception of quartz grains, is stained. Rock is weakened
due to weathering and can be easily broken with hammer.

] Severe - All rock including quartz grains is stained. Some of the rock is weathered to the
extent of becoming a soil. Rock is very weak.

5.3.7 Other Characteristics
The following items shall be included. in the rock description:

® Description of contact between two rock units. These can be sharp or gradational.
° Stratification (parallel, cross stratified).

019611/P ‘ Brown & Root Environmental
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Description of any filled cavities or vugs.
Cementation (calcareous, siliceous, hematitic).
Description of any joints or open fractures.
Observation of the presence of fossils.

Notation of joints with depth, approximate angle to horizontal, any mineral ﬂlling or coating,
and degree of weathering.

All information shown on the boring logs shall be neat to the point where it can be reproduced on a copy
machine for report presentation. The data shall be kept current to provide control of the drilling program
and to indicate various areas requiring special consideration and sampling.
5.3.8 Additional Terms Used in the Description of Rock
The following terms are used to further identify rocks:

L Seam - Thin (12 inches or less), probably continuous layer.

] Some - Indicates significant (15 to 40 percent) amounts of the accessory material. For

example, rock composed of seams of sandstone (70 percent) and shale (30 percent) would
be “sandstone - some shale seams.”

° Few - Indicates insignificant (0 to 15 percent) amounts of the accessory material. For
example, rock composed of seam of sandstone (90 percent) and shale (10 percent) would
be "sandstone - few shale seams.” v

. interbedded - Used to indicate thin or very thin alternating seams of material occurring in
approximately equal amounts. For example, rock composed of thin altemating seams of
sandstone (50 percent) and shale (50 percent) would be “interbedded sandstone and shale."

® Interlayered - Used to indicate thick alternating seams of material occurring in
approximately equal amounts.

The preceding sections describe the classification of sedimentary rocks. The following are some basic:
names that are applied to igneous rocks:

° Basalt - A fine-grained extrusive rock composed primarily of caicic plagioclase and
pyroxene.

e  Rhyolite - Afine-grained volcanic rock containing abundant quartz and orthoclase. The fine-
grained equivalent of a granite.

° Granite - A coarse-grained plutonic rock consisting essentially of alkali feldspar and quartz.

° Diorite - A coarse-grained plutonic rock consisting essentially of sodic plagioclase and
hornblende.

- Gabbro - A coarse-grained plutonic rock consisting of calcic plagioclase and clinopyroxene.
Loosely used for any coarse-grained dark igneous rock.
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The following are some basic names that are applied to metamorphic rocks:

. Slate - A very ﬁné-grained foliated rock possessing a well ”&eveloped slaty cleavage.
Contains predominantly chlorite, mica, quartz, and sericite.

° Phyllite - A fine-grained foliated rock that splits into thin flaky sheets with a silky sheen on
cleavage surface.

° Schist - A medium to coarse-grained foliated rock with subparallei arrangement of the
micaceous minerals which dominate its composition.

° Gneiss - A coarse-grained foliated rock with bands rich in granular and platy minerals.

] Quartzite - A fine- to coarse-grained nonfoliated rock breaking across grains, consisting
essentially of quartz sand with silica cement.

54 Abbreviations

Abbreviations may be used In the description of a rock or soil. However, they shall be kept at a
minimum. Following are some of the abbreviations that may be used:

C - Coarse u - Light nn - Yellow
Med - Medium BR - Broken Or - Orange
F - Fine BL - Blocky SS - Sandstone
\) - Very M - Massive Sh - Shale
Sl - Slight Br - Brown s - Limestone
Occ - Occasional Bl - Black Fgr - Fine-grained
T - Trace

5.5 Boring Logs and Documentation

This section describes in more detail the procedures to be used in completing boring logs in the field.
Information obtained from the preceding sections shall be used to complete the logs. A sample boring
log has been provided as Figure §.

The field geologist/engineer shall use this example as a guide in completing each boring log. Each
boring log shall be fully described by the geologist/engineer as the boring is being drilled. Every sheet
contains space for 25 feet of log. Information regarding classification detalils is provided either on the
back of the boring log or on a separate sheet, for field use.

019611/P Brown & Root Environmental
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FIGURE 5

COMPLETED BORING LOG (EXAMPLE)
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5.5.1

Soll Classification

Identify site name, boring number, job number, etc. Elevations and water level data to be
entered when surveyed data is available.

Enter sample number (from SPT) under appropriate column. Enter depth sample was taken
from (1 block = 1 foot). Fractional footages, i.e., change of lithology at 13.7 feet, shall be
lined off at the proportional location between the 13- and 14-foot marks. Enter blow counts
(Standard Penetration Resistance) diagonally (as shown). Standard penetration resistance
is covered in Section 5.2.3.

Determine sample recovery/sample length as shown. Measure the total length of sample
recovered from the split-spoon sampler, including material in the drive shoe. Do notinclude
cuttings or wash material that may be in the upper portion of the sample tube.

Indicate any change in lithology by drawing a line at the appropriate depth. For example,
if clayey silt was encountered from 0 to 5.5 feet and shale from 5.5 to 6.0 feet, a line shall
be drawn at this increment. This information is helipful in the construction of cross-sections.
As an alternative, symbols may be used to identify each change in lithology.

The density of granular soils is obtained by adding the number of blows for the last two
increments. Refer to Density of Granular Soils Chart on back of log sheet. For consistency
of cohesive soils refer also to the back of log sheet - Consistency of Cohesive Solls. Enter
this information under the appropriate column. Refer to Section 5.2.3.

Enter color of the material in the appropriate column.

Describe material using the USCS. Limit this column for sample description only. The
predominate material is described fast. if the primary solil is silt but has fines (clay) - use
clayey silt. Limit soil descriptors to the following:

- Trace: 0 - 10 percent
- Some: 11 - 30 percent
- And/Or: 31 - 50 percent

Also indicate under Material Classification if the material is fill or natural soils. Indicate
roots, organic material, etc.

Enter USCS symbol - use chart on back of boring log as a guide. If the soils fall into one
of two basic groups, a borderline symbol may be used with the two symbols separated by
a slash. For example ML./CL or SM/SP,

The following information shall be entered under the "Remarks” column and shall include,
but is not limited by, the following:

- Moisture - estimate moisture content using the following terms - dry, moist,
wet and saturated. These terms are determined by the individual. Whatever
method is used to determine moisture, be consistent throughout the log.

019611/P
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- Angularity - describe angularity of coarse grained particles using the terms
angular, subanguiar, subrounded, or rounded. Refer to ASTM D 2488 or Earth
Manual for criteria for these terms.

- Particle shape - flat, elongated, or flat and elongated.

- Maximum particle size or dimension.

- Water levei observations.

- Reaction with HCI - none, weak, or strong.

° Additional comments:

- Indicate presence of mica, caving of hole, when water was encountered,
dffficuity in drilling, loss or gain of water.

- Indicate odor and Photoionization Detector (PID) or Flame lonization Detector
(FID) reading if applicable.

- Indicate any change in lithology by drawing a line through the lithology
change column and indicate the depth. This will help when cross-sections are
subsequently constructed.

- At the bottom of the page indicate type of rig, drilling method, hammer size
and drop, and any other useful information (i.e., borehole size, casing set,
changes in drilling method).

- Vertical lines shall be drawn (as shown in Figure 5) in columns 6 to 8 from the
bottom of each sample to the top of the next sample to indicate consistency
of material from sampie to sample, if the material is consistent. Horizonal
lines shall be drawn if there is a change in lithology, then vertical lines drawn
to that point,

- indicate screened interval of well, as needed, in the lithology column. Show
top and bottom of screen. Other details of well construction are provided on
the well construction forms.

5.5.2 Rock Classification

[ Indicate depth at which coring began by drawing a line at the appropriate depth. Indicate
core run depths by drawing coring run lines (as shown) under the first and fourth columns
on the log sheet. Indicate RQD, core run number, RQD percent, and core recovery under
the appropriate columns.

° Indicate lithology change by drawing a line at the appropriate depth as explained in
Section 5.5.1.

° Rock hardness is entered under designated column using terms as described on the back
of the log or as explained earlier in this section.
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o Enter color as determined while the core sample is wet; if the sample is cored by air, the
core shall be scraped clean prior to describing color.

] Enter rock type based on sedimentary, igneous or metamorphic. For sedimentary rocks
use terms as described in Section 5.3. Again, be consistent in classification. Use modifiers
and additional terms as needed. For igneous and metamorphic rock types use terms as
described in Sections 5.3.8.

] Enter brokenness of rock or degree of fracturing under the appropriate column using
symboais VBR, BR, BL, or M as explained in Section 5.3.5 and as noted on the back of the
Boring Log.

. The following information shall be entered under the remarks column. ltems shall include
but are not limited to the following:

- Indicate depths of joints, fractures and breaks and also approximate to
horizontal angle (such as high, low), i.e., 70° angle from horizontal, high angie.

- Indicate calcareous zones, description of any cavities or vugs.
- Indicate any loss or gain of drill water.
- Indicate drop of drill tools or change in color of drill water.
° Remarks at the bottom of Boring Log shall include:
- Type and size of core obtained.
- Depth cgsing was set.
- Type of rig used.
. As a final check the boring log shall include the following:

- Vertical lines shall be drawn as explained for soil classification to indicate
consistency of bedrock material.

- If applicable, indicate screened interval in the lithology column. Show top and
bottom of screen. Other details of well construction are provided on the well
construction forms. '

5.5.3 Classification of Soil and Rock from Drill Cuttings

The previous sections describe procedures for classifying soil and rock samples when cores are
obtained. However, some drilling methods (air/mud rotary) may require classification and borehole
logging based on identifying drill cuttings removed from the borehole. Such cuttings provide only
general information on subsurface lithology. Some procedures that shall be followed when logging
cuttings are:

L Obtain cutting samples at approximately S-foot interval$, sieve the cuttings (if mud rotary
drilling) to obtain a cieaner sample, place the sampie into a small sample bottle or “zip lock™
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bag for future reference, and label the jar or bag (i.e. hole number, depth, date, etc.).
Cuttings shall be closely examined to determine general lithology.

° Note any change in color of drilling fiuid or cuttings, to estimate changes in lithology.

° Note drop or chattering of drilling tools or a change in the rate of drilling, to determine

fracture locations or lithologic changes.

] Observe loss or gain of drilling fiuids or air (if air rotary methods are used), to identify

potential fracture zones.

] Record this and any other useful information onto the boring log as provided in Figure 1.

This logging provides a general description of subsurface lithology and adequate information can be
obtained through careful observation of the drilling process. It is recommended that split-barrel and rock
core sampling methods be used at selected boring locations during the field investigation to provide
detailed information to supplement the less detailed data generated through borings drilled using air/mud

rotary methods.

5.6 Review

Upon completion of the borings logs, copies shall be made and reviewed. Items to be reviewed include:

° Checking for consistency of all logs.
° Checking for conformance to the guideline.

] Checking to see that all information is entered in their respective columns and spaces.

60 REFERENCES

Unified Soil Classification System (USCS).

ASTM D2488, 1985.

Earth Manual, U.S. Department of the interior, 1974.
7.0 RECORDS

Originals of the boring logs shall be retained in the project files.
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BACKGROUND REPORT
AREA OF CONCERN #22, UNDERGROUND STORAGE TANKS

This report includes information on the below ground tanks (numbered UST 03-01-1,
UST 03-01-2, UST 03-01-3) that have been used to store various petroleum products at
the plant 3 area of concern (AOC) #22. Figure 15 shows the location of the three under
ground storage tanks (USTs) previously located at AOC #22.

Information contained within this report was compiled utilizing the first available
Grumman Aerospace Corporation (GAC) Spill Prevention, Control and Countermeasures
~ (SPCC) Plan dated 1979, past GAC carrespondences, and interviews with site personnel.

The three (3) USTs in question were installed in 1941 and located along the southwest
comner of plant 3 (Figure 15). The construction of each tank was of steel with asphaltic
coating and each tank retained a maximum volume of 25,000 gallons (Table #1).

Table #1
Northrop Grumman Corporation
Bethpage Complex

Area of Concern #22 Qil § Tanks
Tank # Location Contents | Gallons I Matsrial of Construction |
03-01-1 | Plant 3 - AOC # 22 | Fuel Qils #8, #4 | 25,000 | Steel - Asphattic Coating

03-01-2 | Plant 3 - AOC # 22 | Fuel Oils #8, #4 | 25,000 | Steel - Asphaltic goatin_g_
03-01-3 | Plant 3 - AOC # 22 | Fuel Oils #6, #4 | 25,000 | Steel - Asphaltic Coating |

Prior to construction of the Central Steam Plant, Plant 3, located at the GAC Bethpage
Facility, was equipped with several boilers for generating steam. Initially USTs 03-01-1,
03-01-2, 03-01-3 stored #6 fuel oil used to fire these boilers. The above tanks served this
role for 25 years until 1966 when the Central Steam Plant was put on-line and connected
to plant 3. At that time the conventional heating system and associated boilers were
abandoned and heat for Plant 3 was then generated through the Central Steam Plant.
Thus, the above tanks were no longer used to store #6 fuel oil.

Subsequently, these oil storage tanks were used to store reserve quantities of #4 fuel oil.
The lighter #4 fuel oil was stored in reserve instead of #6 fuel oil because tanks storing #6
fuel oil would have to be heated. In an emergency, lighter #4 oil could be pumped out of
the reserve tanks trucked to the desired location and used to fire boilers which normally
bumned #6 fuel oil.

It is believed tanks 03-01-1, 03-01-2, and 03-01-3 served as reserve #4 fuel oil tanks until
approximately1980-1984 when they were removed. Due to the fact that the tanks in
question were listed in the 1979 SPCC plan but not referred 10 in the next consecutive
SPCC plan, which was prepared in 1988, it is concluded that the tanks were.removed no
later than 1984 and no ecarlier than 1980. Records describing the closure activities for the



tanks in question are not available; however, their removal has been verified through
statements made by site personnel present during the removal and a negative
magnetometer study of AOC #22 performed during Radian Internationals 1997 Phase II
Study of Plant 3.



[ Figure 102

Environmental Condition
of Property

Rating Map

Main Navy 105 Acre Parcel

Phase | EBS
NWIRP Bethpage, New York

Legend

Di-lbmml-ouwu
Hacadous Substences or Palrolsum
Products

l- Boruge of Hemedous Subsiennss or
— Penctaum Produsts, No ihown Relesase
8- Known Relseses of Hemrdous




PUMPHOUSL

\W .
Prennnnier WELL 9.\\ e | —~ ~ -
003 -uj = =~ _ 7/
witL g O . —PUMPHOUSE 003-04 . NTY
. WELL 10 \ Q
< ,I

TRANSFORMER

USTO3-01-6

AOC M
SUBSURFACE 27

VAULT NEAR WAST[ TAL
AA-1Y 1 SCRAP STORAGE SHED

PRODUCT MANTU FACTURING
3

TRANSFORMER /

AQC 24 ORUM S'IORAGE ROOM NEXT TO BLDG COLUMN Nt

s UI-E
sASTDS—Dl-Q AOC 29
. OASTO3~01~7 PROPANE L.'!
. STORAGE :
: SHED
- UST03-01-4 -5 D
RANSFDRM[R (o]
" - 03 E]
—~V.o. -n'\VY ]
(BLog. 3042 ——— o wsrockA 1)°
= I -G
| NOTES: —
.. 1. ADC 22, UST's NO.
03-01-1. 03—31-
33 ?_3,—'?' 832.3-3 CLIENT: OWG. TINC: o o
-1 NORTHROP GRUMMAN CORP UST, ASY OTH
AND 03-13-3. SLIHPAGE, LONO ISLAND, Aot LOCATIONS
2. SEE FIGURE 18 FOR BRAWH BY: TR e
UsST's AND AST. AT C D WAN 1097 is
POADS AND GROUNDS
BUILDING. $ROMCT No.s ScALD FILE NUMBEA:
[0 TN ) ©002704-3003 NOMR F704TNNS

Nl et e




b 2 2
] NBEEIEIEIEIEIEY ofaials B R S YR R ETET Y EIEIEYEY >|>
%[0l 5|8
l‘!u’
h.‘ ‘a wiw|w|w|w|wie wiwiw|w w|w|w|wiwiwiw et bt wiwlw
3 bt bt o] |wej-
o b | 2
9 1 13slolsin3le olala|= EYEY EYEYEI E{EETEYEY RYEIETEY o>
|~ ow
i 2
sl
Iy e o| |wlw
&
t] MEEIE EIEIEIE]E ola|alo s(a|sialaisla| =1 EIETEIE >
= ~
ML
HEGEERE ~
2 o b bed xd I 1
7 REREISEIEIEI RS o|alalo BIEYEIEEY VST B Y S BIEYEIEY o|>
2 |olE
=]
CINIH a
2 ele ol |n|e
- -
2 ~ oi{al2i2|3)> o|ais|2 o|ai2ia1{3|2]|=21=2]> =1=1R o
~
el [S
u. Alm Nojo -] -] QlolN
2 feee|ee 2121212 gi2|e|ele|e~|ele 22N |wig
= 2
% RMEEIEIEIE EYE] B E1EYEIE) S HEEIEIE BRI EIE EYEI Y >
| om
Plee|=
5|15
3 elele sle|ole|-|e glelele|o| jols
] 2121221232 BEIEIE a|=|s|a|5|3|22]=}= EYEYE1EY ols
= ~ .
3 %3)3
-1 1y olojo|o|e|ole olo|o|e olojo|o|e|e ololo
2 ele|eielelcle 2l|e|e|e cizleieie|elel-|ele 2leig|elol |w|w
» REEIEIEIEEY B EYEIEEY s|ala|=]o{3lalols2 HEISIE ol
=3 o
311219
b IR
3 gjeleie|elole glelele gle 2le|elelo| |oi«
b RECEEEEEE NEIER) EYEI EYEY R E R BT EY FIETEIEY
-
HEIE
il ke
N N Ry L Y
B pand hrd D ag o] s b hod ot $d brd oot o bad B Lo d £k |-
m RIBEICIEIStEEIES EYEYE B E R E R R BRI R EY A EIEIEIE >
-
AE(E
b N R o O el ) e - Y o
3 pasg b pund od bnf hud Do pat huof ot bt pasf Dnt b bof hunt ot 0] I 11 12
% BRI EIEIEIE a|a|al> B EIEIE BRI B EIEYE1EY >
3lxi3(E
Mt
M.. o ele o 5m
m EIEYEYEYET Rt Sialats EYEI ETEET I ET R BT EY EYE1EEY >
L 3
£
D
by - | le sm
d Lol
% BRI BB B E) = E1ET - s|s|zia1o|2|2=|212 als|a|> -
o~ “7
SRt
=l L]
od A ~ sw
3 BIEIETEIEIETE S EIEIE) slafals|ais]at~{=|> EYEIE1 B
- ntl
2I%[s)a
hod S - - - -l —fwl= -
3 z z =j= =le| Is
-
mwu ol isigisigle 2|2(8|=(8l2(=(2l88(sl=I2(2(8I8] |2
alg|3 (Bleizl=|2|8B[8I28(8[2=|8(8]8(81= 2| 2|2 2|8 (8|28 (5|2 m7M11 2|2
Z|31] w
©0.
BT
L]
>
] §
e £
w H s el ol £ 3
8 i B 1515 | | 128
HHE 3,818 HEHERRERE #lels| B3/
ol 1§l315 SHHE m 32151l e| |2 mw mmm
¢ mrme HHE £2 b HE ! e lHEE
SEEEREEE e BB R E ph e b U EEE RN R
] -
512]318215 51l 8l8lS 1213181 HEEEEHGEYEEEEEERH




Sample ID NYSDEC 03-2201A-81 ] 03-22-01A-S2 | 03-22-01A-83 | 03-22-01BSS1| 03-22-01BS52] 03-22-018553 03-22-018554 | 03-22-0188S5 | 03-22-01BSS6 | 03-22-01BSS7 { 03-22-018SS8 | 03-22-01BSS9|03-22-01B5810{03-22-01BS511/03-22-01BSS1203-22-018551%03-22-0185514
AOC STARS 22 22 22 22 22 22 22 2 22 22 22 2 22 22 22 22 22
Depth (Feet BGS) i 310 10-12 12-14 8-10 10-12 12-14 14-16 16-18 18-20 20-22 22-24 24-26 28-30 30-32 32-34 34-36 38-38
Date C: Value (a) Sia/87 47 84T 10/23/97 10/23/97 10/24/97 10/24/97 10/24/97 10724197 10/24/97 10/24/97 10/24/97 10/24/97 10724197 10/24/97 10/24/97 10/24/97
STARS Volatile Organics - Total {ug/kg)
24000 2 1) V) 2 v 22 u 18 u 22 u 22 U 22 Y] 22 3] 2 U 2 U 2 uJ 22 uJ 26 V5] 22 u 24 uJ 2 U
Buty NL 1 u U 1 v 11 Y] 089 U 11 uJ 1 3] 11 UJ 11 uJ 0.98 UJ 1 uJ 1 uJ 11 uJ 13 uJ 11 uJs 12 uJ DY [*X]
y NL 1 V) Y] 1 1) 1.1 U 0.89 u 1.1 uJ 11 uJ 11 UJ 1.1 UJd 0.98 uJ 1 uJ 1 uJ 11 ud 13 uJ 11 w 12 uJ .9 uw
jten-Buty NL (V1) W 1 (18] 1.1 [Y) 0.89 u 1.1 uJ 11 uJ 11 UJ 1.1 uJ 0.98 uJ 1 UJ 1 uJ 1.1 w 13 uJ 11 us 12 uJ i uJ
Ethy 7] 1Y) u 2.2 u 18 U 22 uJ 22 w 22 U 22 u 2 uJ 2 uJ 2 uw 22 UJ 2! uJ 22 uJ 24 uJ 2 uJ
J4 NL U ] 1) 1.1 u 0.89 u 11 uJ 11 uJ 11 UJ 11 uJ 0.98 u 1 U 1 U w 1 uJ AR uJ 12 uJ 099 U
p-isopropy NL . u 1) 1) 1 U 089 | U 11 uJ 11 uJ 11 (23] 11 w 098 uJ 1 U 1 [1X) . w 1. [N] 1 w 12 uJ 099 UJ
Methy t-butyl ether NL U U Y] u 18 ] 22 u 22 u 22 ] 22 U 2 Y] 2 U 2 uJ 2 u 2 uJ 2 u 24 uJ 2 U
300000 7] 1) 3] 12 11 U 11 w 11 U 11 uJ 0.98 UJ 1 uJ 1 uJ w uJ 1 UJ 12 [BX] 099 uJ
n-P NL 7] u u U 0.89 U 1.1 uJ 11 wJ 1.1 uJ 11 UJ 093 uJ 1 w uJ . UJ u 11 UJ 12 uw 0.99 uJ
Toluene 20000000 u u u 2 U 1.8 u 22 U 22 U 22 ] 22 U 2 Y] 2 1) uJ .2 *Y] uJs 22 Y] 24 uJ 2 U
1,2.4-Tri Y NL 1) U u u 089 u 11 w 11 uJ 11 W 1. w 0.98 U 1 u uJ . u . U 11 uJ 12 u 099 U
1,3,5-Tri y NL U ) 7] . V] 0.89 v 11 U 1.1 uJ 11 w 1. uw 0.98 uJ 1 w uJ 11 uw 13 u 11 us 12 ud 099 uJ
Total Xylenes 200000000 u V) u NA NA NA NA NA NA NA NA NA NA NA NA NA NA
m-Xylene 200000000 u 1) 1) NA NA NA NA NA NA NA NA NA NA NA NA NA NA
o-Xylene 200000000 u u U 2.2 U 18 y 22 u 22 u 22 U 22 u 2 u 2 Y] u 22 1) 2. u 22 u 24 u 2 u
m- & p-Xylene 200000000 NA NA NA 2.2 1] 18 U 22 V] 22 u 22 1] 22 Y] 2 u 2 ) u 22 u 2. u 22 u 24 U 2 U
- |p-Xylene N 2 V) 2 U u NA NA NA NA NA NA NA NA NA NA NA NA NA NA
STARS Semivolatile Organics - Total (ug/kg)
A 5000000 340 UJ 340 UJ 350 uJ 3600 [V] 1800 u 720 u 360 U 3600 1) 1100 u 3500 V) 1800 v 110 U 1100 U X u 3600 u 3700 U 3700 Y]
Anthracene 20000000 40 UJ 34 W) 350 uJ 3800 u 1800 u 120 u 360 U 3600 u 1100 u 3500 U 1800 u 110C u 11K 7] 380( u 3800 7] 3700 v 370C [V}
|Benz(a)anthracene 220 M0 UJ M UJ 350 W 3600 U 1800 u 720 U 360 U 3600 u 1100 u 3500 u 240 J 110( u 1100 u 380( u 3600 U 3700 U 3700 3]
|Benzo(a)pyrene 681 340 L1y M U 50 uw 360C Y] 880 J 680 J 360 u 1300 J 110 u 350( u 450 J X u 110 u 380( u 3800 u 3700 U 70C U
220 340 UuJ 4 UJ 350 uw 3500 U 1800 ] 380 J 360 ) 630 J 110C 1] 50 u 1800 V) X V) 110C 7] 3800 |- U 3600 ] 700 u 700 1)
Benzo(g h.)perylene NL 340 UuJ 340 UJ 350 W 3600 U 410 J 1100 360 u 3600 U 110( U 150( u 780 J X U 11 u 3800 u 3800 v 700 U 700 1)
Benzo(k)flu 220 340 UJ 340 uJ 350 w 3600 U 1800 U 380 J 360 U 470 J 10C U 500 u 1800 U 1100 u 1100 u 3800 u 3600 v 700 u 70K U
Chrysene N 340 Y 40 uJ 3 w 3600 1] 180( u 1300 380 3] 1400 J 1100 u 960 J 800 J 1100 [V] 300 J 300 J 3600 Y] 3700 U 70¢ u
Dibenz(a, 14 340 W 340 U 3% uj 360X U 180 U 250 J 36¢ Y] 3600 Y] 1100 u 3500 U 450 Jd 1100 u 1100 v 3800 u 3600 U 3700 v 70C u
Fh 3000000 620 J 340 UJ 35C uJ 380( U 30( Y] u 364 V] 380( v 1100 1] 3500 U 1800 u 1100 u 1100 u 3800 U 3600 V] 3700 u 700 1)
Fhyorene 3000000 340 W 340 UJ 350 w 360( U 300 v 2( U 360 u 380( v 1100 u 3500 Y] 1800 u 1100 u 1100 [T} 3800 u 3600 v 3700 ¥ 700 U
Indeno (1.2,3-cd)pyrene NL 340 UJ 340 U 50 7Y 3600 1] 300 u X J 380 u 380C u 1100 u 3500 U-|] 380 J 1100 1) 1100 v 3500 u 3600 u 3700 u 700 U
Ph NL M40 UJ 340 w 350 W 3800 u 300 u 720 u 360 u 3600 u 1100 U 3500 ] 1800 1) 1100 1) 1100 U 3800 u 3600 u 3700 u 700 U
Pyrene 2000000 1000 J 340 w 350 uJ 3600 U 1800 u 210 J 360 u 3600 u 1100 v 3500 U 1800 u 1100 u 140 J 950 J 36800 U 3700 u 700 u
STARS Semivolatile Organics - TCLP (mg/L}
A 0.02 0.04 ! .04 1) .04 [T} 0.04 u 0.04 U 0.04 u 0.04 u 0.04 Y] 0.04 u 0.04 U 0.04 V) .04 U .04 Y] .04 u 004 u 004 u 4 [V}
A 0.05 0.04 u .04 V] .04 U .04 U 04 Y] Q.04 U 0.04 U 0.04 u 004 u 0.04 U 0.04 u .04 u .04 u .04 u 004 U 004 U .04 7]
0.000002 .04 U .04 U .04 u .05 1) .05 u 0.05 U 0.0 u 0 U u y] .05 u D U 7] .05 u 005 u 05 U . u
Benzo(a)pyrene 0000002 .04 [V] .04 U .04 u .05 u .05 u 0.05 ) 0.0 u 0 U U V] V] .0 u .0 V] .0 u 005 v .08 u .0 1)
Benzo(b) 000002 .04 1Y) .04 U .04 V) .05 U ['H U 0.05 u 0.0 u 4 1] v 8] u .0 U .08 Y] 0! u 005 U .05 u u
Benzo(g,h.perylene 000002 .04 U .04 V] .04 u .05 U 0! U 0.05 ] 005 u 0.0 Y] v u 1) . u i 1) .0! u 0.05 V] .05 v u
o(k) .000002 .04 U .04 u .04 7] 05 U 0.0! U [X Y] 0.05 u 0.0/ u A u v v .08 u u u 005 U U . U
Chrysene 0.000002 .04 7] .04 u .04 u .08 u 0. U 0. u 0.05 U 0.0 u .05 U .0! u . U .05 [1) 1] Y] 0.05 v U .05 V)
Dibenz(a.h)anthracene 0.05 .04 7] .04 U .04 U 0.05 [1) 0.05 U 0. y 0.05 3] 0.05 u 0.05 V) 0.05 [1] 0. U .05 U X u . u 0.05 v U 0.05 1]
Fhk 0.05 .04 7] .04 U .04 1) 0.045 U 0.045 U 0.045 Y] 0.045 u 0.045 U 0.045 u 0.045 Y] 0.045 Y] 0.045 U 0.045 u 0.045 1] 0.045 u 0.045 U 0.045 u
F-‘luofene 0.05 .04 u .04 U .04 7] 0.04 U 04 1) 0.04 u 0.04 u 004 u 0.04 U .04 [V] .04 u .04 V) D4 [ .04 u 004 u 0.04 v .04 U
{Indeno (1,2, 3-cd)pyrene 0.000002 .04 1] .04 u .04 U 0.05 ] .0 ] 0.05 u u ] u 9. v U .05 u .05 u 1] .05 u 0 u 0.05 U .05 U
Na 0.01 NA NA NA u .0 u 0.03 u u 0. ) 0. 1) U 3 U .03 u u u u 0 u A u
Ph 0.05 004 u 0.04 1] 0.04 V) 1) .0! V] 0.05 u u 0 u 0. u U 05 u .05 u . u : U . 5] 0. U )$ U
Pyrene 0.0§ 0.04 u 0.04 V) 0.04 U )4 U Q.04 u 004 U 004 V] 004 u 0.04 U 0.04 u 0.04 u 0.04 u 0.04 v Q.04 u 04 3] 0.04 u .04 U
TPH (as Gasoli NL NC NC NC 5 U 5 u 5 uJ 5 uJ 5 uJ 5 u 5 u 5 u ] 1) 0.058 J 03 J 0.051 J 0087 Jd 0.068 J
TPH (as Diesel} NL NC NC NC 630 500 2800 49 2300 520 J 1400 J 1300 J 620 J 2900 J 3900 J 1600 J 4100 J 1400 4




Sampte 10 NVSDEC | 03220188816 [03-13018381403-22.0188817]03-21-018881#03-22-018551903-22-016552003-22-0168521]03-22-018W-3103-22-018W-3103.22-018W 5 J03-22-01BW-5403.22-01BW-5403-22-01BW-3#03.-22-01BW-5703-22 01BW S8 03-22-01BW-Sq 03-22-02A-81
AOC STARS 22 1 22 22 21 22 22 2 22 22 22 22 22 22 22 22 2
Depth (Feet BGS) Guidance 38-40 4042 45485 50515 55-87 60462 6547 3-10 10-12 12-14 14-18 16-18 18-20 2022 22-24 24-2¢ (Y]
Date C Value (a) 10/2487 11497 1114187 17491 117487 11497 1114197 10/18197 10/15/97 10/18/97 10/15187 10/1617 10/16°97 10/15/%7 10/18/97 10/18/97 (771
STARS Volatile Organics - Total
B 24000 38 7] 2.4 U 22 1] 2. U [) U _| 150 J 98 u 2 u 19 | U 2 u 5 U | 22 Y] u | 2 1] 19 U 2 u Y]
+Buly ) NL 1.9 uJ 1. 1] [K] U 1. 1] 4. U | e1 U | 210 4 Joee| w 95] U | 099 ] uw) [ 25 1 UJ 1 11 1 W ud | 1. UJ ] 097 | ud 1 [ u
[sec-Buty NL uJ 1) . [v] 5 J J 6.1 U 88 J |ow | uw 95| UJ [ 099 ] UJ | 25 | W | 1 UJ UJ | i UJ | 6.07 | Ud i Ud U
terl-Buly NL 1) . 1] K] u V] 4. U | el U | 49 U [0 uw o5 1 UJ o] UJ | 25| U f 1 uJ U 1| uw Joer | w 1 ud uJ
Ethylbenzene UJ 4 U 7] U ] U_| 1900 | DNR [ 720 J uJ | 19 | W 2 uJ 5 U | 2 uJ u U | 18 | ul 2 uJ 1]
[Isopropytbenzene _ NL UJ U [v] J 54 J 210 J 79 J [owp] Ul | oe5] Ui |oee] us | 25| ud UJ uJ UJ | 087 | UJ UJ Y]
Mwm NL u 2 U U U 4. X U | 49 U |00 ] U | 00S| UJ joeel US| 25| W . uJ 7] Ui | 097 | ud uJ [1]
Methy 1-butyl eiher NL u . U ] ] U [Y U 12 u 9.8 U 2 U 19 |1 U Y] 5 U | 2 u U U 1.9 1] 1] u
p 300000 1) 2 U 1] 2 [¥] T J 13w | 90 J 11 J o] u o ud | 25 | W uJ uJ UJ | 097 | uJ Ud ]
n-Prop NL [ uJ F U 1] 58 J | 246 | J [ 810 [ J | 35 J o099 UOJ Joes] Us foeel Ui | 25] u uJ ] UJ | 097 | Ul 1 V) U
Tokuens 20000000 | 38 u U U 4 U s 1 U 12 U 9. u 2 Y] 101 U u B u U V] u 1.9 U 2 [ 1 v
1,2,4-Trimethyl NL 19 1] 1] 1] j U [ 48 | U | 8 U | 4 U [oees| U joes]| u Joee] w25}t w u) UJ Ul Jo97] v 1 [T0) U
1,3.5-Trimethy ne NL 19 uJ F U . U 1. U [ 20 ] J 500 | J 4, U (o] W | 005! UJ |oee) W | 25] W . UJ U ) u) | 097 | ui 1 uJ u
Towal Xylenes 200000000 | NA T NA N NA NA NA NA NA NA NA NA NA NA NA NA 1]
m-Xylene 200000000 | NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 1]
o-Xylene 200000000 8 Y] 4| U 2. U 2.4 U 98 | U 63 J 19 J U 19 | U 7] 5 Y] 2 1] U 22 | u 1.9 1] Y] U
m & p-Xylene 200000000 .8 1] 24 | U 2. 3] 2.4 V] 98 1] 12 | U 9.3 Y] 7] 19 ] U V] 5 u 22 Y] 1] 2.2 [v] 19 Y] 2 u NA
Xylene NL NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 2 U
STARS Semivolatile Organics - Total
Acenap 5000000 | 3700 ) 7300 | U 500 U | 3500] U J14000] U |1s000ol u [3woo] U | 690 | U 340 | U 000| U [3500] U 700 U [ 18001 U J1700] U | 40 ] U 1 340 | U 0 | U
700 Y] 7300{ U S00| U [3500] U [2200] J [s100] J | 480 ] J 60 | U 40 | U 00| U 00| U T0( U | 1800] U |1700] U | 340 | u | M u 340 u
Benz(a) 220 700 U 730 U 500 | U | 100C J [ 2500 J [4300] J [3900] U | 60 j uJ | M0 ]| U 000 | U 500 | U 700 U 800 U 1700 U | 34 [v] 34 1] 34 u
Benzo{a)pyrene 61 700 U 7300 U 001 U | 3500] U |14000] U [18000] U [3e00] U | 690 | W | 34 u 00| U 500 | U 700 U 800] U [1700] U 34 1] 34 u 340 1]
Benzo(b)uo 220 700 T 7300 U 500 | U [ 3500 U [14000] U [18000] U 00| U | 690 | W 14 [¥] 900 U |3s00] U 700 U 800 | U 700 U 4 1] 34 7] 40 | U
Benzo(g.h ne NL 3700 ¥ 7300 [ U 500 | U | 3500 ] U [14000] U [18000] U 00 | U | 8s0 | UJ Y U [1000] U 500 | U 700 | U 8001 U 700 | U 34 1] 40 | U 40 | U
Benzo(h ene 220 3700 U 7300 | U 500 | U | 3500 | U [14000] u [18000] U 00 | U | 690 | UJ | 34 U _[1000] U 500 | U 700 | U 00| U 700 UL 34 u 34 1] 40 | U
Chrysene NL 3700 v 7300 | 1 990 | J | 14 J | 5000 J les00]| J 00| U | 34 J M0 | U | 420 J 400 J [ 40| J {60 | J [70] J 20 J 34 U 140 U
Dibenz{a,h) 14 3100 U 7800 | U [3%00] U 500 | U [14000] U [18000] U 200 | U | 600 | W | 0] U 00| U 500 U 700 U 800! U 700] U 34 U 340 U 340 U
Fiuoranthene 3000000 | 3700 U 73000 U | 3500] U | 3500 U Jva000] U [1m000] u [30] U | s | U 40 | U 00| U 500 | U 700 U 800 | U 700 U 34 ] 40 [ U 34( 1]
Fluorene 3000000 700 U 7300 | U J3s00] U $00 | U [14000) U 18000 U 900 ] U | 690 | U o | u 00 | U 500 U 700 | U 80| U 700 [ U 34( u Y u 34( u
"indeno (1.2.3-cd)pyrene NL 700 1] 7300 | U 500 f U | 3500 | U 4000)] U | i8000) U 00 ] U &0 | U 340 U 60071 U T3s0D) U mel U a0 I 1) 7001 U 4 U A4 [7] v [1]
| NL 700 u 7300 U 500 | U | s40 | U 1000]  J [ 2500( 600 | J | 690 | U 340 | U 00| U [350] U |00 © 80| U {1700] U | 34 u 34 U | M0 [ U
Pyrene 2000000 | 3700 1] 7300 | U 100 | J | 4200 3200 4 J17000] J J1600] J ] 690 ] UJ ] 340 ] U | 10 ] J [2200] J | 260} J | S30f J | et0) J 39 J M40 | U | M0 | U
STARS Semivolatile Organics - TCLP {mgn}
Acenaphthens 0.02 .04 u 4| U 04| U 04 | U 4] U | 004] U |004] U J004] U 041 U | o 1] o4l v 04| U o4 [ U 04 | U 04| u 04| U 04| U
Anthracene 0.05 .04 U 04 | U 04| U 04| U 04| U |o00a] U 004 U TOBA] U 04| U |o04] v 04 U 04 U [004]| U 04f U 04 | U R 4] U
Benz(a) 000002 08 U 05| U 051 U u s u 05| u [0 U [ o 7] 05 | U u 04 U 05 | U 05| U 05| U 05| U 05| U 4| u
|Benzo(a)pyrene 1000002 | 005 ¥ 05 ] U 05| v I U [005] U 0 U_| 0] [v] u 05{ U u T u 05| U 05 | U 05| u 05| U 05| u 104 U
Benzo(| 1000002 | 005 U 05| U 05| U 0! U 5] u 0 u_| 00 U U 08 U I u I u 05 | U 05| U 05| U 05 | U 05| U .04 U
[Benzo(g.h.)pery 000002 | 005 U oSl u o5 u I U 05| U 0! u_| 00 1] V] 0 u 0 u .08 U os| u os| v 05 | U 05 | U 05| U 04 1]
Benzo(k)f hy 0.000002 .05 1] 051 U 0§ | U 0% U U 05| U | oo 1] ] u I U U D u s u 0S| U 05| U 05 u 05| u 041 U
Chrysene 0.000002 .05 U 05| u 05| U U 1] 05| U {00 U | o u 0 u I U [005| U o5l u 05| U 05| U 05| u - 04 | U
Dibenz(a.h) 0.05 .05 u 05 | U 05| U I u V] 05] U [o05| U [o0s] U 05| U 0% U [oos| v 05 | U 05| U 05| U |005| U 05| U 4| U
|Fiouroanthene 0.05 0045] U Joo45] U |0045] U [0045] U U | 0045] U [0045] U |0045] U |0045] U [0045] U 10045] U Jooe5] U JooaS] U Jooss] U Joo45| U J0045] U 04 ] U
Fiuorene 0.05 0.04 U Ml U 04| U 4] U U {o064| U |oo4] U 0047 U 04 | U .04 U Joo4] U 04 U 04 ] U 4l u 04| U 04| U 04| U
Indeno (1.2.3-cd)pyrene 0.000002_| 0.05 1] 05| U s u 05} U U o005 U |oo U u 08| U 0 U |0 1) 05| U 05| U 05| u 0 7] U 04| U
Naphthalene I .03 U 1Y 03| U 03| u U _|0015f J [O J X 1] 03| U u 03 V) 03 | U 03] U 03] u 0 U I u NA
Phenanihrene .08 ] AN 05| U 05| U I U [005] U |0 u 0% 1] 05| U ] V] U o1 U 05| U os| u [ oo uU_| 00 U [oo4| U
Pyrene g .05 .04 U 04| U [o004] U 04 | U 041 U | o004 U JToe] U 04 | U 04| U .04 Y] 04| U 04| U 04| U 04 ] u | 004 U Joodl u 4] v
TPH (as ) NL 0.052 J 25 J U 14 J 10 | J 190 | J 29 J 5 1] 5 u 5 u [X] J 5 y |cos| J 5 U 5 U 5 u NC
TPH (as Diesel) NL 2500 J S500] J ] 1900] J | 3600] J |50 J [1sco0] J j2800] J 510 U_| 1000 6800 2700 1200 5800 260 27 NC




Sample ID NYSDEC ] 03-22.02A-82 | 03-22-02A83 | 03-22-02B-S1 | 03-22.028-52 | 03-22.028-54 | 03.22-026-55 | 03.22-028-56 | 03-22-028.57 | 03-2202B-58 | 03-22-02B-59 | 03-22-02B-510] 03-22.028-811] 03-22-02B-512] 03-22-028-513] 03-22.028.514] 03-22-028-515[ 03-22-02BN 51
ADC STARS n FH 22 22 22 22 22 22 22 22 22 12 22 22 22 22 2
Depth (Feet BGS) id 3-10 1012 310 1012 1416 1618 18-20 2022 2224 24-26 26-28 2830 3032 3234 34-36 3638 310
Date Collected Value (a) wanT anT 1018797 1011687 10116197 10116/97 10116137 10116197 1011897 10/16/87 10116197 10/16/87 101697 10116787 10/16/97 10118797 10115197
STARS Volatile Organics - Total (ug/kg)
Benzene 24000 U 1] 2 U 2 U | 22| U {24 v [22] u 2 U [22] U | 22| u© [ ST T 1] 2 ] 9 U | 221 U 2 U [ 22 U
n-Buty NL U U 1 uJ 1 Ud | 11§ UJ | 12 | UJ [ 11 ] vl Joee] Wi ] 11§ Ui | 91 | UJ | 52 | ud 4 | U 1 UJ | 45| Ui ] 11 ] U 1 UJ [ 11 | 09
y NL U U [ [ [ Ul [Tl Ul {12 | OJ | i1 us[oee| ud | 11 | us | 11 ] 0l 52 us 4 | UJ i UJ | 45 | uJ ] 11| Ud 1 s [ 11 | ua
tert-Buty NL ud Ud uJ UJ | 11§ us [ 12 | uJ [ 11 | UJ Joeo| us ] 11 | s | 11| UJ | 52 | UJ 4 | UJ 1 UJ | 45 | us 1] UJ 1 Us | 11 | ud
{Eh 8000000 2 U U 2 uJ U | 22 | Ul | 24 | UJ | 22 ] W | 2 UJ | 22 | us | 22 ] ui [ 10 | us T L Us | 2 T Ui e [ 0ff|22 ] ui | 2 Us | 22 | W
|isopropy NL U U ] UJ | 11 | U3 [ 12 [ UJ | 14 | uJ o8| s | 11 | us | 11| U3 |5 UJ | 4 | UJ i UJ | 45 | UJ 1| uJ 1 Ul |1 [ Ul
p-Isop NL v} U Ul Uy | 11 ] ud 2| Ud [ 11| UJ |0 | W [ 11| w [ 11 ] W |5 UJ | 54| UJ [ 1 Ul | 45 | U | 11| Ul 1 U | i1 | W
Methy Lbutyl ether NC U U 2 U U | 22 | © 4| U |22 v 2 U |22 | U [22] U 10 [V T ) 3 U 9 U [ 22| v 2 U | 22 | U
Naphthaiene 300000 1] 1] Uy Ul | 11§ ug 2] Ui | 11| uJ [oe9| U | 1% | 0 | i1 | UJ | 52| ui | 54 | wd Ul | 45 | uJ [ 1 U [ 11 | w
n-Propy NL u U Iy w1 ud 21 UJ | 11 [ UJ [oee| Ui |1 0J 1| u [ 52 | Ui | 54 | ud 0J | 45 | uJ 1T w i ud | 11| ud
Tokiene 20000000 U [ 12 ] 3 iy [TH 2 Ul Al 22wl 2 W] 2 uJ 2 [ Ul {0 [ Gl v Ui 2 Ui | e | UJ | 22| ui| 2 ui | 22| v
1.24-Trimethy NL u u UJ [T D 0J UJ | 11 | UJ o9l us | 1 uJ i Ui {5 UJ | 54 | US W [ 45 | w | 11| u 1 UJ | 11 [ ud
1,35 Trimethy NL v} 1] ud ["H KN I ; UJ | 11| UJ 098] W1 1 0 | 11 | uJ 52| ui| 54 us UJ | 45 | ud | 11| u 1 0 [ [ ud
Total Xylenes 200000000 ] U [ NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
m-Xylene 200000000 U U | NA NA NA NA NA NA NA NA | . NA NA NA NA NA NA NA
o-Xylene 200000000 U U 2 | W UJ | 2. U) | 24| UJ [ 22 | Ui | 2 | uUs | 22| U | 22 | us | 10 ] G3 | 1 UJ | 2 [ Ui |- 9 w22 ui| 2 Ul [ 22 | us
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03-22-17-812

Sample ID NYSDEC 03-22-17-8¢ 03-22-17-87 | 03-22-17-88 | 03-22-17-89 | 03-22-17-810 | 03-22-17-811
AOC STARS 22 22 22 22 2 22 22
{Depth (Feet BGS) 38-37 40-42 4547 50-52 5887 6062 6587
Date Coll Value (3) 117797 17197 1177197 1787 1177197 17197 1117/97
STARS Volatile Organics - Total {ug/kg)
3] 24000 2 7] U u 22 u 1 U 28 u 22 V]
n-Buly NL .09 u u u 11 u 130 3 11 u
Y NL .99 V] U u 1.1 U 55 13 1] 11 u
tent-Butylb NL .99 1] . U u A u 53 U 13 7] 11 u
Elhylbenzene 8000000 2 U .2 U v %) 11 U 8 [¢] 22 u
propy NC 089 T J V] V] 13 1] 11 1]
p-Isopropylol NL 0.9 0 U u [V 53 V] 1] 11 U
Methy \-buiyl ether N \ 3 1Y U 11 U 1] 2 Y
300000 U U Y] E u 53 v u A Y]
n-Propy NL 0.99 U [T U 1. [1] 2 1 1 u
| Toluene 2 U u u 22 u 1 u .6 Y] 22 U
1,2,4-Tri NL 0.89 U u ") u . ] 3 u 1.1 ]
1.3.5 T N (1] U . 7] U . U .3 v 13 1] 11 v
Total Xylenes 200000000 NA NA NA NA NA NA NA
m-Xylene 20000000¢ NA NA NA NA NA NA NA
o-Xylene 20000000¢ 1) u u 2 U H Y] 26 U 2 u
m- & p-Xylene U . 1] 1) } 1] 1 1] 26 | U 2 | v
p-Xylene N A " NA N/ NA NA NA
STARS Semivolatile Organics - Total (uﬂm
A p 5000000 40 U 340 U 340 U 1700 | UJ 800 J 390 1] 370 u
A 20000000 40 [Y 340 1] 340 1] 1700 U 2000 J 390 1) £ Y
{; 20 34 U 340 u MO u 510 ] 400 J 30 V] kY{] u
81 4 7] 340 7] 3 u 520 J 1200 J 390 U 370 ]
B (D) 220 4 v 340 1] 34 u 170C u )00 U 390 U 70 Y]
Benzo(g.h.)perylene NL 340 U 340 u 34 Y] 170¢ v 3600 Y] 390 V] 70 3]
(k) 220 40 7] 340 U 140 v 170 u 360C 7] 390 [Y 70 u
Chrysene NL 340 1] 340 7] 340, u 230 J 70( J IN U o v
Dibenz(a,h 4 340 U 340 u 340 u 700 v 380 U 390 U 370 u
Fh h 3000000 40 U 340 u 40 U 700 v 40( J 380 1] 70 V)
Fluorene 3000000 40 7] 340 [1] M40 u 700 | W 3804 [¥] 90 1] 70 u
Indeno (1.2.3-cd)py NL M0 1] 340 u 340 u 700 u 3800 u 90 U 70 u
Ph Nt }40 1] 340 1] 340 Y] 0] U 580C 90 u 70 ]
ene 2000000 340 U 340 1] 40 u 100 u 5200 J 190 1] arn V]
STARS Semivolatile Organics - TCLP (my
|Acenaphthene 0.02 .04 7] .04 1] .04 u 0.04 u .04 u 04 U 0.04 u
Anthcacene 0.05 04 U .04 Y 04 7] 0.04 u .04 V] .04 ] 0.04 1]
Benz(a) 0.000002 .08 U .08 U .05 u .05 U .08 3] .08 u 0.05 u
Benzo(a)pyrene 0.000002 .08 1] .05 U .05 u .05 u .05 V] 05 U 0 u
0.000002 05| .U .08 [V .05 V] .05 1] .05 u 0.05 ] [X 9]
FBenzog.h.l)perylem 0.000002 .05 U 05| U 05| U 05| U 05| U 05| U [0 [¥]
Benzo(k)! 0.000002 .08 [1] .05 Y] .05 1] .05 u .05 U 0 05 [¥] 0. u
Chrysene 0.000002 .05 u .08 U .05 [1] .05 V] .05 1] 05 u 0. 3]
Dibenz(a.h)anthracene 0. .05 U .08 U .08 U .05 U 0.05 U .05 U 0.0! Y]
*F [ 045 ] 0.045 U 0.045 u 0.045 u 0.045 v 0.045 U 0045 W
[Fiuorene 0. .04 1] .04 U .04 u .04 u .04 u 0.04 u 0.04 u
Indeno (1.2.3-cd)py 0 000002 .05 7] .05 U .05 u 1] .05 u 0 u 0.05 Y]
0. .03 1] .03 \ .03 v X u .03 U .0: Y] 0.03 V]
F [X .08 u .08 U .08 u .05 u .05 1] 0 U 0.05 u
Pyrene 0.05 .04 1] .04 U 0.04 U .04 ] .04 U 0.04 u 0.04 u
TPH{as G NL 5 7] S u 5 7] S 1] M 5 u 1) U
TPH (as Diesel) NL 4 [V] 4 ) 4 Y] 280 6400 130 32




Sample ID NYSDEC ©3-22.15-54 | 03-21-15-85 | 03-22.15-S6 | 03-22-15-S7 | 03-22-15-S8 | 03-22-15-89 03-22-15-510 | 03-22-15-811 | 03-22-15-812
AOC STARS 22 22 22 22 22 22 22 22 22
Depth (Feet BGS) 28-27 332 3537 4042 4547 5052 55-87 60-62 567
Date Coll d Value {a) 117897 111597 11/8/97 11/597 1118/97 11/5/97 11/5/97 1115197 11/8/97
STARS Volatile Organics - Total (ug/ki
24000 17 u 1.8 U 19 u 22 y 18 u 24 u 10 u 76 U a6 u
Y NL 0.87 u . u .97 V] 11 u 09 ) 12 Y] 180 38 y 95
Butyl NL 0.87 u .9 V) .87 1] 1 u 09 U 12 u n 21 88
tert-Buly NL 0.87 y .9 1] .97 U u 09 u 12 U 52 ') 3. U 48 Y]
Ethy 17 ] 18 U 19 u . v 8 U 24 ] 10 U 18 49
propy! NL 0.87 u 0.91 u 097 V] A Y] 9 U 12 uU 25 54 14
|p-IsopropyNiokuene NL o87] U Joei| U Joer] U K Y 9 [ U | 12| U | 52| U |10 74
Melhy L-butyl ether NL 1.7 u 1.8 U 19 u 2 u 8 u 24 3] 10 u 78 U 9.6 u
Naphthalene 300000 15 u 16 U $ u Y] 1 u 12 un 1 J 34 J 44 J
n-Propy NL .87 U 0.91 1] 0.97 u . u U 1.2 u 130 58 27
Toluene 2 1.7 u 18 U 19 U 22 [} 1. v 24 Y] 10 U 18 ) 9.6 u
1.2.4-T NL 087 V] 991 ) 0.97 u A u 0 U 1 u 52 U s V) 38
1.3,5-Tri y NL 0.87 u 0.6t Y] 0.97 v B U 0. u 1 U 140 44 48 U
Total Xylenes 200000000 NA NA NA NA NA N4 NA NA NA
m-Xylens 200000000 | NA NA NA NA NA NA NA NA NA
{o-Xylene 200000000 1. 1 U 1] .2 U 1 Y] 24 u 74 J 78 u 9.8 Y]
m- & p-Xylene 200000000 1.7 1. [V} . v 22 u 1 7] 24 3] 10 u 84 12
. [p-Xylene NL NA N NA NA NA NA NA NA NA
STARS Semivolatile Org: ~Total -
Acenapl 5000000 J4( u )40 u 340 u 40 u 340 8] 890 ) 1100 J 2500 J 3800 u
A 20000000 34 U )0 U 340 U 340 3] 340 U 690 u 1200 4 2800 J 400 J
Benz(a)anthvacene 220 34( Y] a V] 34 U 340 U 340 u 690 u 500 Y] 3900 J 3800 U
Benzo(a)pyrene 81 30 u 34 u 34( u 340 u 34 v 0 U 500 U 14000] U 3800 u
Benzo(b 220 34 v 34 U 34 3] 340 u 34 u 90 u 500 y 1400C U 38K U
Benzo(g.h.jperylene NL 34( 1] 0 | U 40 | U X U_[| 34 1] 0 | U 500 | U [ 14000] U | 3800 | U
(k) 20 34( u J4( 1] 340 u 34 u 340 3] 00 U 3500 u 1400( U 380K Y]
Chrysene NL 34 Y] M( V] J40 ) u 34 u 890 U 3500 u 6100 J 3800 u
Dibenz(a.| 14 34/ U 34 V] 340 [} M v 34 U 69( ] 3500 u 14000 U 3800 ]
Fluoranthene 3000000 340 U 34 V] 340 u 34 U 34 u 89¢ u 830 J 14000 U 3800 U
Fluorene 3000000 }40 U al u 340 U 340 Y] 34 1] B( 1] 1200 J 5000 J 390 J
Indeno (1,2,3-cd)pyrene NL 340 U 340 Y] 340 u 34 u 34 u 80 Y] 3500 u 400( U 3800 3]
P NL 340 U 340 V] 41 J 34 U 340 u 90 u 4900 400( 1900 J
Pyrene 340 J] 340 V] 340 u M u 340 u 90 3] 7800 3004 J 1700 J
STARS Semivoiatile Organics - TCLP (mg/L|
Acenap 0.02 .04 U .04 u .04 7] 0.04 v 0.04 U 004 U 0.04 u 004 u 0.04 3]
Anthracene 0. .04 u .04 U .04 1] 0.04 ] .04 Y 0.04 u 0.04 u 0.04 u .04 U
B 0.000002 .08 u .05 u )8 Y] .05 u 05 U 0.05 u 0.05 U 0.05 ') 0! 1]
Benzo(a)pyrens 0.000002 .08 (1] .08 u .05 u .08 u 0! u 0.05 U 0.05 Y] 0.05 u 0 U
Benzo(b) 0.000002 .05 U .05 V] .05 u .05 Y] 08 Y] 0.05 3] 0.05 Y] 0.05 u 0.0 u
Benzo(g h.iperylene 0.000002 .05 u .05 Y] 0.05 ] .05 Y] .0¢ u 0.05 U 0.08 u 0.05 u 0.0 u
0.000002 | .05 u .05 [V] .05 u .08 v 05 ) 0.0! u 005 u 005 U 0.0! U
Chrysene 0 2 .05 u .05 1] 0.05 U . u .05 y 0.0 v 005 u 0.05 U 0.05 Y]
Dibenz(a .05 u 05 U 0.08 u 0.0¢ u 0.05 U 0.05 3] 0.05 ] 008 U 0.05 v
F . 0.045 U Jooms! U 0.045 u 0.045 Y] 0.045 u 0.045 u 0.045 u 0.045 U 0.045 u
Fliorene .0 .04 u .04 v .04 u 0.04 v 0.04 u .04 3] 0.04 u 0.04 u 0.04 v
Indeno (1.2.3-cd)pyrene 0.000002 05 7] .0 u .08 U 00 u 0.05 u .05 u 0.05 u 0.05 u 0.05 Y]
Pl .01 .03 7] .03 u .03 u .0 1) 003 u .03 u 003 1] 0.01 J 0.008 J
P .05 .05 U .0¢ y .05 U .0 u 0.05 v 0.05 u 00§ u 005 u 005 U
Pyrene 05 .04 u .04 U .04 u .04 Y 0.04 u 0.04 u 0.04 u 0.04 3] 004 u
TPH (as L NL 28 J 26 J 23 J 21 J 084 4 13 J 22 72 66
TPH (as Diesef) NL 4 Y] J 12 4 u 2 680 4800 14000 1000




Sample ID 03-22-18-W-1

AOC NYSDEC 2
Depth {Feet BGS) Soil Cleanup| Eastern

Date d Objective (a) | USA (38) 872297
Metais (mg/kg}

Antimony s8 NA 1 uw
Arsenic 150rsg 312 8.1 U
Beryfhium 0.160rSB_| 0.1-1.75 1 u
Cadmium 10 (b) 0.1-1.0 1.2
Chrofmit 50(b) 1-40 34 1]
Copper 250r SB 1-50 49.8 J
Lead S8 200-500 | 11.8 J
Mercury 01 0.001-0.2] ©. u
Nickel 13 or SB 0.5-28 4.

P 20rSB 0.1-3.8 w
Silver sB NA 4. J
Thatium sB NA 4. u
Zinc 200 S8 950 4.8 )
Volatile Organics (ug/ki
Acetone 200 - uJ
Benzene 8C - u
8 i NL -~ u

NL — 7]
NL - V]
300 — 7]
Carbon Disuifide 2700 - U
Carbon tetrachlorite 600 _ u
Cl 1700 - u
C h: 1900 - U
C 2 300 - 10 u
Chio NL - U
Dil NL - U
1.1-Dich 200 - U
1.2-Dichl 100 - u
1.1-Di 400 o 7]
[1.2-Dich (totaf) 300 - 1]
1.24 prop NL - 7]
¢i51,3-Dichioroprop NL = U
{ranS1,>-Dichloropropene N = 1
Ethy ne $500 -~ U
2t NL - w
i-Methy2-p 1600_ — 0 |- U
Methylene chioride 100 - 10 u
Styrene NL - "]
1.1.2.2-T h 800 - U
Tetrachlor 1400 - 1]
Toluene 1500 - U
1,1,1-Trichloroethane 300 - Y
1.1,2-Trichior ) NL - U
Tr 00 - [V
Vinyl chioride 200 -~ 1]
Total Xylenes 1200 — U
Total VOCs| 10000 - 0
Semivolatile Organics (ugrkg)
A ne 50000 - 1 w
Acen: ne 41000 o~ 1 Y]
A 50000 - U
[B 240rNDL 330 — U
Benzo(a)pyrene 1orMDL (3308  — u

(b)f 1100 — 1]

Benzo(g.h.i)perylene 50000 - 7]

Juoroanthene 1100 - 1 U
Bis(2 NL — [ u
Bis(2: yl)eth NL - 1]
Bis(2-ethylhexyhp 50000 — T
[ phenyl phenyl ether NL — U
Butyl benzyl p 50000 — U
Carbazole NL - 10 U
4-Chioro-3 hylphenol 40 or MDL (¥ - U
4-Chioroaniline 20 or MDL - U
2-C NL - U
2-Chlorophenol 800 -~ U
4-Chiorophenyl phenyl ether NL - u
Chrysene 400 — 0. 4
Di-n-butyl p 8100 — [ 7]




Jdibenz(a 4 0r MDL (330 — V]
i 6200 D u
1,2-Di b 7900 - 1]
1.3-Ok b 1600 ~ 1)
1,4-Di 8500 -— U
3,3-Di NL o Y]
2 4-Dichlorophenol 400 ~ [7]
Diethyl 7100 — 1]
2 4D NL — [
Dimethyl phthalate 2000 ~ 1]
4,8-Dinitro-2-methylp NL — 25 1]
2,4-Dinitrophenol 00 or MDL (80  — 25 [1Y]
24 rotoluene NL - 1 7]
26D 1000 - u
Di-n-octyt ph 5000C ~ V]
F 5000¢ — [1]
Fluorene 5000C - [1]
t 410 - V)
s butadi NL - V)
H yclop NL - u
H NL — 1)
indeno (1.2.3-cd)pyrene 3200 - 7]
Isophorone 4400 — 1]
2 y 36400 - 1]
2 | 00 or MOL (334 ]
4 henol 900 - [1]
N-Nitro: propylaming NL —- UJ
N-Nil enylamine NL — 1 V)
Naphthalene 13000 - 1 u
2-Ntroanikine 30 or MDL. (8 = 28 1]
3-Nitrosniine 00orMDL (304 - 2% [V
4-Nitroaniine NL - 25 U
00 or MDL (33 - 10 u
2-Nirop 330 — 10 | U
4-Nit nol 00 or MDL (8 - 25 U
Penta P J 1000 e 25 [V
P 50000 - [X J
Phenol Oor MDL 330y y
Pyrene 50000 ~ 1]
1,.2.4-Tni 3400 hed Ll w
2.4.5-Tnh | 100 - 25 V]
2.48-T p NL o 10 U
Total Carcinogenic PAHs| $00000 -
tal N PAl 100000 —
Total SVOCs!| 10000 -
TPH (as e) NL - 0.1 u
TPH (as Diesel) NL - 0.1 J
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This Appendix will be provided at a later date.
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